L Number 


Hits 


Search Text 


DB 


Time stamp 


1 


5 


"5904957" 




USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM TDB 


2003/03/05 


08 


06 


2 


16496 


filament nearS (wound or winding or wind 


USPAT; 


2003/03/05 


08 


06 






or winds) 




US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM TDB 








3 


58853 


bowl or bowls 




USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM TDB 


2003/03/05 


08 


06 


4 


13 


(filament near5 (wound or winding 
or winds) ) same (bowl or bowls) 


or wind 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT; 
IBM TDB 


2003/03/05 


08 


11 


5 


49530 


Crucible 




USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT ; 
IBM TDB 


2003/03/05 


08 


11 


5 


185 


(filament nearS (wound or winding 
or winds) ) and Crucible 


or wind 


USPAT; 
US-PGPUB; 
EPO; JPO; 
DERWENT ; 
IBM TDB 


2003/03/05 


08 


11 



Search History 3/5/03 8:44:21 AM Page 1 
C : \APPS\east\workspaces\def aultl . wsp 



DERWENT-ACC-MO: 1997-545431 
DERWENT - WEEK : 20023 0 

COPYRIGHT 1999 DERWENT INFORMATION LTD 



TITLE: Carbon fibre-reinforced carbon crucible for pulling 
silicon single 

crystal - has inner portion formed of carbon fibre cloth 
layer or carbon fibre 
layered felt 

PATENT -ASSIGNEE: NIPPON CARBON CO LTD [NICN] 
PRIORITY-DATA: 1996 JP- 00974 15 (March 28, 1996) 



PATENT -FAMILY: 

PUB -NO PUB -DATE LANGUAGE 

PAGES MAIN- IPC 

JP 09263482 A October 1, 1997 N/A 

005 C30B 015/10 

JP 3279916 B2 April 30, 2002 N/A 

003 C30B 015/10 



APPLICATION-DATA : 

PUB-NO APPL-DESCRIPTOR APPL-NO 

APPL-DATE 

JP 09263482A N/A 1996 JP- 00 974 15 

March 28, 1996 

JP 3279916B2 N/A 1996JP-0097415 

March 28, 1996 
JP 3279916B2 Previous Publ . JP 9263482 

N/A 



INT-CL (IPC) : C30B015/10; C30B029/06 ; H01L021/208 



ABSTRACTED- PUB-NO: JP 09263482A 

BASIC -ABSTRACT: The inner portion of a crucible is formed 
of a carbon fibre 

cl ot-h--l-ayer"'"p rb duct or a carbon fibre felt layered product. 

T he outer portion ~~ ""^ 

of the crucible is formed of a c arbon fibre-reinforced 
carbon ma terial by J:he ~ ' 

filament winding method 



ADVANTAGE - The inner portion of the crucible is liable to 
accelerate 



consumption due to a chemical reaction. The use of the 
carbon fibr e cloth 

layered product or the carbon fibre felt layered product 
has entan qled_f,i Eres^l ^ 

The result enhances re s i s_ t an c e . t o consumption. The outer 
portion of the ' 
crucible requires high strength and has less liable to 
consumption due to the 

chemical reaction. The use of the carbon fibre-reinforced 
carbon material has 

superior strength. The resulting crucible has superior 
high- temperature 

strength, high resistance to consumption, and prolonged 
life. 

CHOSEN- DRAWING: Dwg.O/6 
TITLE-TERMS: 

CARBON FIBRE REINFORCED CARBON CRUCIBLE PULL SILICON SINGLE 
CRYSTAL INNER 

PORTION FORMING CARBON FIBRE CLOTH LAYER CARBON FIBRE LAYER 
FELT 

DERWENT- CLASS: E3 6 L03 Ull 

CPI-CODES: E31-N04D; E31-P06A; L02-H04A; L02-J02C; L04-A01; 
L04-B01; L04-D09; 

EPI-CODES: Ull-BOl; 

CHEMICAL-CODES: 
Chemical Indexing M3 *01* 
Fragmentation Code 

B114 C810 M411 M720 M903 M904 M910 N104 Q454 R032 

Specfic Compounds 

01666P 

Registry Numbers 
1666P 

Chemical Indexing M3 *02* 
Fragmentation Code 

C106 C810 M411 M424 M740 M781 M903 M904 NlOl N104 

Specfic Compounds 

05086U 

UNLINKED-DERWENT-REGISTRY-NUMBERS : 1666P 
SECONDARY-ACC-NO : 



CPI Secondary Accession Numbers: C1997-174021 
Non-CPI Secondary Accession Numbers: N1997 -454576 



Printed by HPS Server 
for 

EAST 




UserlD: JAftergut_Job_1_of_2 
Printer: cp3_6c23_gbgqptr 

Date: 03/05/03 

Time: 08:44:24 






i 

llnvalid Patent Format Specification. [ 

1 ■ 

1 ^ 

All or part of the pages for the 
1 following may not have printed: 1 


i 

i 
f\ 







CLIPPEDIMAGE= 



JP411255586A 



PAT-NO: JP411255586A 

DOCUMENT- IDENTIFIER: JP 11255586 A 

TITLE: CARBON-FIBER REINFORCED CARBONACEOUS r4ATERIAL 

CRUCIBLE FOR PULLING 

SINGLE CRYSTAL AND ITS PRODUCTION 

PUBN-DATE: September 21, 1999 



INVENTOR- INFORMATION : 

NAME COUNTRY 

JO, TAKESHI N/A 

MURAKAMI, HIDETOSHI N/A 

AS S I GNEE - I NFORMAT I ON : 

NAME COUNTRY 

SUMITOMO METAL IND LTD N/A 



APPL-NO: JP10061374 

APPL-DATE: March 12, 1998 

INT-CL (IPC): C30B015/lO;C04B035/52 

ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a lightweight, 
high-strength, readily 

manuf acturable and long-lived carbonaceous material 
crucible for pulling a 
single crystal. 

SOLUTION: This carbonaceous material crucible has a 
structure of a carbon- 
fiber reinforced carbonaceous material in which the whole 
thereof is formed by 

a filament winding method. The material structure 
constituting the round 

bottom 22 of the crucible has a laminated structure of 
carbon fibers arranged 

by the filament winding method and the carbon fibers 
respectively passing 



through tracks separated at various distances from the 
central axis 24 without 

passing through the central axis 24 of the round bottom 22 
are mixed and 

arranged in the laminated structure. The bulk density of 
the crucible is 



COPYRIGHT: 



(C) 1999, JPO 



J Af tergut_Job_1 _of_1 



Printed by HPS Server 
for 



Printer: cp3_6c23_gbgpptr 
Date: 10/23/03 
Time: 08:07:38 

Document Listing 

Document Selected Pages Page Range Copies 

US200201 66503 14 1 -14 1 

Total (1) 14 



iiiiDiiniuii 

US20020166503A1 

(19) United States 

(12) Patent Application Publication (lo) Pub. No.: us 2002/0166503 Al 

Magras ct al. (43) Pub. Date: Nov, 14, 2002 



(54) HYBRID CRUCIBLE SUSCEPTOR 

(75) Inventors: Jan Magras, Bellflower, CA (US); Kim 
Fjddstcd, Portlaod, OR (US); Brian 
Ferguson, Newbuigh, OR (US) 



Correspondence Address: 
JOSEPH G CURATOLO, ESQ. 
RENNER KENNER GRKIVE BOBAK 
TAYLOR & WEBER 

24500 CENTER RIDGE ROAD, SUITE 280 
WESTLAKE, OH 44145 (US) 



(73) Assignee: HItco Carbon Composites, Inc., 1600 
W. 135th Street, Gardena, CA 90249- 
2506 (US) 



(21) Appl. No.: 

(22) FUed: 



09/803,239 
Mar. 8, 2001 



Publication Ciassification 

(51) Int. CI.' C30B 15/20; C30B 23/00; 

C30B 25AX); C30B 28/12; 
C30B 28/14; C30B 1/00 

(52) U.S.CI U7/100 



(57) 



ABSTRACT 



A crucible susceptor for a crystal growing process for 
pulling a crystal ingot from a crystal material melt in a 
cmcible, comprises at least one high purity composite com- 
ponent containing a carbon fiber reinforced carbon matrix, 
said at least one high purity composite component having a 
total level of metal impurity less than about 10 parts per 
million; and at least one high purity graphite component, 
said at least one high purity graphite component having a 
total level of metal impurity less than about 10 parts per 
million. A single crystal growing process for puUing a single 
crystal ingot &om a crystal material melt includes providing 
a cr^^tal material melt in a crucible and intimately support- 
ing the crucible with the crucible susceptor of the present 
invention. The crucible susceptor disclosed may be used in 
a Czochralski crystal growing process for puUing a semi- 
conductor ingot from a semiconductor material melt. 
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HYBRID CRUCIBLE SUSCEPTOR 
BACKGROUND OF THE INVENTION 

[0001] This invention relates to a component of a Cio- 
chralfiki process furnace. More particularly, this invention 
relates to a Czochralsld furnace crucible susccptor. Specifi- 
cally, this invention relates to a Czochralsld furnace hybrid 
crucible susceptor comprising a carbon fiber-reinforced car- 
bon matrix section fitted to a graphite section. 

[0002] Single crystals are used in a variety of high per- 
formance industries. For example, single crystal silicon 
wafers arc used in the semiconductor industry and single 
crystal sapphire crystals are used in the defense (antenna 
windowfis), electronic (light emitting diodes), and general 
industries (laser scanner windows). Such ^ngle crystals are 
usually made in a high temperature operation. 

[0003] An example of this is the production of silicon 
wafers for use in the semiconductor industry by the Czo- 
chralski or "CZ" process. In the CZ process, a seed crystal 
of known orientation is immersed in a molten pool of 
silicon. Hiis triggers crystallization of the silicon. As the 
crystal is mechanically pulled upwardly firom the pool, the 
orientation of the solidifying front follows that of the seed 
crystal. Silicon wafers can be manufactured from the sohd 
ingot by machining and polishing. 

[0004] Specifically constructed furnaces arc used to accu- 
rately control the various parameters needed to ensure that 
high quality crystals of exacting ^)ecifications are produced. 
Several of the key components in these crystal growing 
furnaces are made fi-om graphite. These include various 
liners, fields, tubes, crucible susceptors and the like. 
Graphite has been the material conventionally utilized in 
such processes due to its high temperature capability and 
relative chemical inertness. 

[0005] Disadvantages of graphite include its |xx>r diirabil- 
ity brought about by its brittle nature and its tendency to 
microcrack when exposed to repeated temperature cycles. 
Such micFocracking alters the thermal conductivity of the 
component which in turn makes accurate temperature con- 
trol of the crystal melt difficult. In addition, contamination of 
the melt may occur by the leaching of impurities from the 
graphite components or from particulates generated by the 
degradation of the graphite itself. 

[0006] Semiconductor standards require extremely low 
levels of impurities in the semicorjductor processing system, 
to allow substantially no impurities to be incorporated into 
the semiconductor material, as even trace amounts can alter 
the electronic properties of the semiconductor material. 

[0007] Further, the deposition of oxides of silicon on 
graphite parts during the production of the silicon crystal 
occurs to such an eictent that parts must be cleaned on a 
regular basis and replaced periodically. Replacing worn 
graphite parts is a time consuming and costly process. 

[0008] Therefore, there has been a need for the manufac- 
ture of components for single crystal growing reactors that 
have the advantages of graphite without the disadvantages. 
Such components would enable the more cost effective 
production of high quality single crystals, including silicon 
semiconductor wafers. 



[0009] 'ITiere have been attempts made to utilize carbon/ 
carbon composites in similar electronic material production 
processes, in place of graphite furnace components and 
furniture. U.S. Pat. No. 5,132,145 and corresponding Euro- 
pean Patent application SS401Q315 to Valentian disclose a 
method of making a composite material crucible for use in 
the Bridgman method for producing single crystals of metal- 
lic material semiconductors. 

[0010] Valentian proposed making a cylindrical crucible 
for holding a molten sample, &om a single wall of carbon 
fibers or silicon carbide fibers impregnated with carbon or 
silicon carbide, and depositing on the inner wall of the 
cmcible, a thin inner lining of silicon carbide in combination 
with silica, silicon nitride, and silicon nitride/ahimina, or in 
other embodiments, amorphous carbon, boron nitride, tita- 
nium nitride or diboride, and zirconium nitride or diboride. 
The thin inner lining is required to avoid contamination of 
the molten sample, to provide a matched thermal conduc- 
tivity with the molten sample, and to avoid crack propaga- 
tion which is a drawback of the bulk material. 

[0011] One of the most critical components in high tem- 
perature single crystal growing furnaces is the susceptor. 
The function of the susceptor is to hold a crucible (usually 
quartz in the silicon crystal growing process) which is in 
intimate contact with the molten material or crystal melt. 
The susceptor must also allow for the transfer of heat from 
the healer to the crystal mass. Accurate control of the 
thermal enviroiunent is critical to the success in fabricating 
high quality single crystals. 

[0012] Fabrication of graphite susceptors is not trivial. 
The low strength characteristics of graphite and the need to 
support the molten mass, means that thick sections have to 
be used, particularly in the base of the crucible. These thick 
sections contribute to a high level of thermal mass and 
consequently, may exert an influence on the ease with which 
the process temperature is achieved and maintained. 

[0013] In the Czochralski (CZ) process, the current, con- 
ventional CZ crystal pulling susceptor is designed to hold 
the quartz crucible in place during the CZ crystal pulling 
operation, which in turn holds the polysilicon used to make 
the silicon crystal. Quartz softens at approximately 1150° C 
The CZ process runs al approximately 1450** C. Conse- 
quently, the quartz crucible softens during the CZ operation 
and conforms to the shape of the susceptor. 

[0014] The susccptor must be able to retain its shape in an 
argon atmosphere at reduced pressure. It rau^ not outgas 
and it must be of sufficient piirity not to affect the material 
properties of the polysilicon that is being contained by the 
quartz crucible. Finally, it must have the proper thermal 
characteristics to allow for the correct thermodynamic con- 
ditions needed to grow a silicon crystal with minimal or zero 
defect dislocations. The dislocations can occur from both 
contamination and variation in the thermodynamic condi- 
tions within the fumace. 

[0015] The current conventional CZ susceptor material is 
graphite. Although machining of the graphite can be done to 
close tolerances, gaps still exist between the sections of the 
component. By-product gases of the crystal pulling process 
are highly corrosive (such as silicon monoxide in the silicon 
CZ process) and can attack the graphite structure through 
these gaps. This in turn reduces the lifetime of the compo- 
nents and seriously affects the crystal production rate. 
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[0016] 'ITie CZ silicon crystal growing process leaves 
some liquid silicon metal at the conclusion of crystal growth. 
The remaining silicon metal expands approximately 9% 
upon freezing. The stress induced by solidification and rapid 
thermal expansion of silicon in opposition to thermal con- 
traction of the susceptor may result in the breakage of the 
graphite susceptor. Additionally, a single piece graphite 
susceptor may break upon the removal of the quartz cm- 
cible. 

[0017] Another issue involved with the conventional 
graphite susceptor is thermal management. The conven- 
tional graphite susceptor design consists of a cylindrical 
upper portion, generally between 0.5" to 1" in thickness. The 
bottom portion matches the bottom contour of the quartz 
crucible. The periphery of the bottom portion is substantially 
thicker than the cylindrical upper portion. Additionally, in 
the furnace, the susceptor sits on a graphite base. The 
combined mass and volume of the graphite side walls, base, 
and thick bottom section of the susceptor may increase the 
difiBculty in hot zone thermal management with respect to 
uniform transfer of heat through the furnace components to 
the crystal mass. 

[0018] A crucible susceptor which avoids the disadvan- 
tages of conventional graphite crucible susoeptors is dis- 
closed in U.S. Pat. No. 5,858,486. This crucible susceptor is 
comprised of a high purity caibon/carbon composite mate- 
rial. The carbon/carbon composite susceptor is thinner than 
a traditional graphite susceptor, allowing for an increase in 
the hot zone diameter for a given fixed furnace vessel 
compared to the hot zone for a conventional graphite sus- 
ceptor. The hot 2Dne is the area of the furnace in which the 
crystal melt is contained and pulled into a uniform crystal. 
The larger hot zone allows for the use of a larger quartz 
crucible, thereby iiK:rcasing the amount of polysilicon that 
may be puJled in a single furnace run, as well as increasing 
the diameter of a crystal that may be pulled. The thinner 
walls of the carbon/carbon composite susceptor may also 
provide thermal management benefits in a CZ process 
fiimace. 

[0019] While the carbon/carbon composite susceptor 
described above provides a high purity furnace component 
offering various advantages over graphite susceptors, it also 
has disadvantages associated with its use. One disadvantage 
is that a carbon/carbon composite susceptor is more expen- 
sive than a conventional graphite susceptor. Another disad- 
vantage is that the composite susceptor is susceptible to 
corrosion by corrosive gases present in the CZ process 
ftimace, due to the decreased thickness of the susceptor 
waUs. 'lliis is e^dally true of the lower portions of the 
susceptor side walls and the base of the crucible susceptor, 
which arc exposed to a higher temperature than the upper 
portion of the crucible susceptor. This higher temperature 
brings about greater chemical reactivity of the corrosive 
gases present in the furnace, which in turn causes uneven 
corrosion of the walls of the susceptor Furthermore, when 
any one area of the susceptor becomes damaged, for 
example, by excessive corrosion caused by exposure to 
corrosive gases, the entire susceptor must be discarded. 

[0020] Therefore, there is a need to develop an economical 
susceptor of lower thermal mass than a traditional graphite 
susceptor, that exhibits durability and resistance to corrosion 
by corrosive gases. There is likewise a need for a susceptor 



that may be easily repaired by replacing of parts which 
become excessively eroded or otherwise damaged during 
use, providing a longer overall life than is experienced with 
previously known graphite or carbon/carbon composite sus- 
ceptors. There is also a need for a susceptor capable of 
providing a larger hot zone for a given fixed furnace vessel 
size compared to the hot zone provided by a traditional 
graphite susceptor. There is also a need for a susceptor 
capable of providing an increase in the hot zone for a given 
fixed furnace vessel or size, thus providing the CZ crystal 
grower with an increase in the amount of polysilicon that 
may be placed in an enlarged quartz crucible. 

[0021] It is therefore desirable to provide a susceptor 
capable of providing improvement in the thermal manage- 
ment of the CZ furnace hot zone over traditional graphite 
susceptois, by providing a susceptor of lower thermal mass 
than traditional graphite susceptors, thus providing potential 
energy savings and improvement of silicon crystal quality 
by a reduction of crystal dislocations. 

[0022] It is also desirable to provide a crucible susceptor 
that may be easily repaired by the replacement of parts 
which become excessively eroded or otherwise damaged 
during use, thereby providing a susceptor having a longer 
overall useful life than previously known carbon/carbon 
composite or graphite crucible susceptois. 

[0023] It is further desirable to provide a susceptor capable 
of providing an increase in the hot zone for a given fixed 
furnace vessel or size, by a reduction in the susceptor side 
thickness compared with susceptors made solely of graphite, 
thus providing the CZ crystal grower with an increase in the 
amount of polysilicon that may be placed in an enlarged 
quartz crucible. Such an increase in the hot zone size could 
also provide for a larger crystal diameter that may be puUed 
in a CZ furnace of a given size. 

[0024] It is also desirable to provide a susceptor capable of 
providing the CZ crystal grower with a susceptor of greatly 
increased economy, namely an ability to replace components 
as necessary compared both to susceptors made solely of 
graphite and susceptors made solely of carbon/carbon com- 
posite materials which must be replaced as a whole after 
localized corrosion exceeds allowances. 

BRIEF SUMMARY OF THE INVEN'OON 

[0025] In general, the present invention provides a cru- 
cible susceptor for a crystal growing process for pulling a 
crystal ingot from a crystal material melt in a crucible, 
containing at least one high purity composite component 
containing a carbon fiber reinforced carbon matrix, said at 
least one high purity composite component having a total 
level of metal impurity less than about 10 parts per million, 
and at least one high purity graphite component, said at least 
one high purity graphite component having a total level of 
metal impurity less than about 10 parts per miUion. Prefer- 
ably, the carbon fiber reinforcement is a two dimensional, 
continuously woven fabric. In one embodiment, the at least 
one high purity graphite component forms a lower section 
and the at least one high pm^ity composite component forms 
an upper section. 

[0026] The present invention also provides a single crystal 
growing process for pulling a single crystal ingot from a 
crystal material melt, including pro%^ding the crystal mate- 
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rial melt In a crucible, and, intimately supporting the cru- 
cible with a crucible susceplor containing at least one high 
purity composite component containing a carbon fiber rein- 
forced cart»n matrix, said at least one high purity composite 
component having a total level of metal impurity less than 
about 10 parts per million, and at least one high purity 
graphite component, said at least one high purity graphite 
component having a total level of metal impurity less than 
about 10 parts per million. 

[0027] Also provided by the present invention is a Czo- 
chralski crystal growing process for pulling a semiconductor 
ingot from a semiconductor material melt, inchtding pro- 
viding the semiconductor material melt in a quartz crucible, 
and, intimately supporting the crucible with a crucible 
susceptor containing at least one high purity composite 
component containing a carbon fiber reinforced carbon 
matrix, said at least one high purity composite component 
having a total level of metal impurity less than about 10 parts 
per million, and at least one high piuity gr^hite component, 
said at least one high purity graphite oomponeat having a 
total level of metal impurity less than about 10 parts per 
million. 

BRIEF DESCRIFHON OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0028] FIG. 1 is a schematic cross sectional view of a 
semiconductor processing &imace, specifically a Czochral- 
ski crystal growing reactor, equipped with one embodiment 
of a hybrid crucible susceptor. 

[0029] FIG. 2 is a schematic cross sectional view of an 
alternate embodiment of a hybrid crucible susceptor. 

[0030] FIG. 3 is an elevational view of a hybrid crucible 
susceptor. 

[0031] FIG. 4 is an elevational view partially broken away 
and in cross-section of a hybrid crucible susceptor. 

[0032] FIG. 5 is an elevational view partially broken away 
and in cross-section of an alternate hybrid crucible suscep- 
tor. 

DETAILED DESCRIPTION OF THE 
INVENTION PREFERRED EMBODIMENT FOR 
CARRYING OUT THE INVENTION 

[0033] As mentioned above, the present invention pro- 
vides a crucible susceptor, also referred to herein as a hybrid 
crucible susceptor, containing at least one high purity carbon 
fiber reinforced carbon matrix material, or carbon/carbon 
composite component, and at least one high purity graphite 
component. The graphite component or components form a 
bottom portion of the susceptor while the composite com- 
ponent or components form an upper portion of the suscep- 
tor. In one embodiment, the graphite lower section extends 
upward and directly supports a crucible at least to the 
approximate point at which the inside surface of the sus- 
ceptor becomes cylindrical. In such an embodiment, the 
carbon/carboo composite component is essentially cylindri- 
cal and preferably fits onto a graphite component as an upper 
sleeve to form a top portion of the side walls of the 
susceptor. A graphite component may include an annular Lip 
or ledge onto which the composite component fits and which 
at least partially supports the composite component. The 
graphite components may extend upward from the base to 



the approximate location of the corrosion point, 'llie corro- 
sion point is the point at which the maximum thermal flux 
combines with the maximum concentration of corrosive 
gases to cause the most significant corrosive actions on the 
susceptor materials. The exact location of the corrosion 
point will vary according to the various conditions under 
which the furnace is operated, such as conditions of tem- 
perature, pressure, and crystal composition. The dimensions 
of the carbon/carbon composite components and/or the 
graphite components are preferably engineered with refer- 
ence to the coefficients of expansion of the parts, such that 
the components become engaged at the operating tempera- 
ture of the furnace. Most prefierably, the components form an 
interference fit at the operating temperature of the fumace. 
[0034] The temperature in a CZ process fumace is higher 
at lower portions of the fumace than at higher portions of the 
fumace. Therefore, the lower portion of the crucible sus- 
ceptor is exposed to corrosive gases at a higher temperature 
than the upper portion of the susceptor. Consequently, the 
lower portion of the susceptor experiences a greater amoimt 
of corrosion than the upiper portion of the susceptor, due to 
the greater chemical activity of the corrosive gases at the 
higher temperature. Because of the greater thickness and 
density of graphite components used in the lower portion of 
the susceptor, compared to carbon/carbon composite com- 
ponents, the susceptor of the present invention is capable of 
withstanding a greater amount of corrosion than the prior 
carbon/carbon composite susceptor. Furthermore, the car- 
bon/carbon composite component and/or the graphite com- 
ponents of the present invention can be removed to be 
cleaned or replaced. Due to the greater corrosion of lower 
portions of the composite component as mentioned above, 
the lower portion of the composite component should expe- 
rience more corrosion over the life of the part than the upper 
portion. When the caibon/caibon composite component is 
essentially cylindrical, it may also be periodically inverted 
on the graphite portion of the susceptor. When the composite 
component is inverted on the graphite lower portion after a 
number of uses, the overall life of the component is extended 
by exposing the more heavily corroded area of the compo- 
nent to less reactive gases near the top of the susceptor and 
the less heavily corroded area to more reactive gases closer 
to the base of the susceptor. 

[0035] Other embodiments of the crucible susceptor of the 
present invention are also envisioned. In one such embodi- 
ment, the graphite component forms a bottom portion of the 
susceptor while the composite component forms an upper 
portion of the susceptor, as mentioned above. In this 
embodiment however, the graphite component does not 
extend upward to such an extent as to be able to directly 
support the side walls of a crndble. The graphite component 
also has a protruding portion which extends from the upper 
surface of the graphite component. Hie protruding portion of 
the graphite component is preferably located at or near the 
center of the graphite component. The carbon/carbon com- 
posite component in such a susceptor will be cup-shaped or 
at least curved, with an aperture or orifice preferably located 
at the portion of the component corresponding to the bottom 
of a cup or curve. In this example, the composite component 
can directly support a portion of the base of the crucible as 
well as the side walls of the crucible. In such a susceptor, the 
carbon/carbon composite component preferably fits on top 
of and is at least partially supported by the graphite com- 
ponent, with the protruding portion of the graphite compo- 
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aent mating with the aperture or orifice of the composite 
component. The protruding portion is preferably engineered 
to extend from the remainder of the graphite component a 
distance essentially equal to the thickness of the composite 
component, such that when the composite component is 
engaged on the graphite componenL, the inner surface of the 
susceptor presents an essentially smooth, even face at the 
operating temperature of the furnace. In this way, both the 
protruding portion of the graphite component and the com- 
posite component dircctly support the bottom of the cru- 
cible. As mentioned above, the graphite and carfoon/caibon 
composite components are preferably engineered with ref- 
erence to the coefScients of expansion of the parts, such that 
the two components form a close fit, preferably an interfer- 
ence fit, at the operating temperature of the furnace. 

[0036] Carbon fiber reinforced carbon matrix materials, or 
carbon/caibon composites, have thermal stability, high resis- 
tance to thermal shock due to hi^ thermal conductivity and 
low thermal expansion behavior (that is, thermal expansion 
coeflBcient or TEC), and have high tou^ness, strength and 
stiffness in high-temperature applications. Carbon/carbon 
composites comprise carbon reinforcements mixed or con- 
tacted with matrix precursors to form a "green" composite, 
which is then carbonized to form the carbon/carbon com- 
posite. They may also comprise carbon reinforcements in 
which the matrix is introduced fully or in part by chemical 
vapor infiltration. 

[0037] The carbon reinforcements are commercially avail- 
able and can take the form of continuous ^Ter, cloth or 
fabric, yam, and tape (unidirectional arrays of fibers). Yams 
may be woven in desired shapes by braiding or by muJti- 
directional weaving. The yam, cloth and/or tape may be 
wrapped or wound around a mandrel to form a variety of 
shapes and reinforcement orientations. The fibers may be 
wrapped in the dry state or they may be impregnated with 
the desired matrix precursor prior to wrapping, winding, or 
staddng. Such preprcg arxl woven stmctures reinforocments 
are commercially available from Hitco Carbon Composites, 
Inc. The reinforcements may be prepared from precursors 
such as polyacrylonitrile (PAN), rayon or pitch. According 
to one embodiment of the present invention, the reinforce- 
ment may be in the form of woven cloth, such as a two 
dimensional, continuously woven carbon fiber. In another 
embodiment, the reinforcement is formed by filament wind- 
ing before or after impregnation with a matrix precursor. 

[0038] Matrix precursors which may be used to form 
carbon/carbon composites according to the present inven- 
tion include liquid sources of high purity (that is, semicon- 
ductor quality) carbon, such as phenolic resins and pitch, 
and gaseous sources, including hydrocarbons such as meth- 
ane, ethane, propane and the Ukis. 

[0039] The carbon/carbon composites useful in the present 
invention may be fabricated by a variety of techniques. 
Conventionally, resin impregnated carbon fibers are auto- 
clave- or press-molded into the desired shape on a tool or in 
a die. The molded parts are heat-treated in an inert environ- 
ment to temperatures from about TCX)** C. to about 2900* C. 
in order to convert the organic phases to carbon. The 
carbonized parts are then densified by carbon chemical 
vapor impregnation or by multiple cycle reimpregnations 
with the resins described above. Other fabrication methods 
include hot-pressing and the chemical vapor impregnation of 



dry preforms. Methods of fabrication of carbon/carbon com- 
posites which may be used according to the present inven- 
tion are described in U.S. Pat. Nos. 3,174,895 and 3,462, 
289, which are incorporated by reference herein. 

[0040] Shaped carbon/carbon composite parts for semi- 
conductor processing components can be made either inte- 
grally before or after carbonization, or can be made of 
sections of material joined into the required shape, again 
either before or after carbonization. 

[0041] Once the general shape of the carbon/carbon com- 
posite article is fabricated, the piece can be readily machined 
to precise tolerances, on the order of about 0.1 mm or less. 
Further, because of the strength and machinabiUty of carbon/ 
carbon composites, in addition to the shaping possible in the 
initial fabrication process, carbon/carbon composites can be 
formed into shapes for components that are not possible with 
graphite. 

[0042] The al least one high purity carbon/carbon com- 
posite according to the present invention has the properties 
of conventionally produced carbon/carbon composites, yet 
has improved purity resulting from the process for the 
production of a semiconductor standard composite of the 
present invention. 

[0043] According to the inventive process, fiber (rein- 
forcement) purity may be enhanced by the carbon fiber 
reinforcement being heat treated in a non-oxidizing (inert) 
atmo^here to a temperature of about 2400** C. (4350° F.) to 
about 3000** C. to remove impurities. This heat treatment 
fijrther sets the reinforcements, avoiding shrinkage in later 
procedures. 

[0044] Carbon matrix purity is enhanced by the utilization 
of high purity matrix precursors in the impregnation of the 
heat treated carbon reinforcement. The purity level of the 
carbon sources should be less than about 50 ppm metals. For 
example, the phenolic resins should contain less than about 
50 ppm metak, should utilize non-metallic accelerators for 
cure, and preferably should be made in a stainless steel 
reactor. 

[0045] The impregnated reinforcements, or preprcgs, are 
staged, laid-up, cured and carbonized (or pyrolized) con- 
ventionally, except that processing conditions are main- 
tained at semiconductor standards. The carbonized part is 
then densified by chemical vapor impregnation or liquid 
pressure impregnation, using the carbon source materials 
mentioned above. 

[0046] In the chemical vapor deposition (CVD) densifi- 
cation of the carbonized part, precautions are taken not to 
introduce any elemental impurities in the CVD furnace. 
Prior to processing the carbonized parts, the furnace may be 
purged by running an inert gas, such as argon, helium or 
nitrogen, through it for several heat treat cycles at about 
2400** C. to about 3000° C. 

[0047] After the component has been formed by the den- 
sification of the carbonized part, the component is further 
heat treated at 2400° C. to about 3000° C. in a non-oxidizing 
or inert atmosphere to ensure graphitization of the stmcture 
and to remove any impurities that may have been intro- 
duced. The period of time for this procedure is calculated 
based upon graphitization timeAemperature kinetics, taking 
into accotmt fiuiiace thermal load and mass. The component 
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may be machined, if desired, to precise deifications and 
tolerances, as discussed above. 

[0048] In a further purification procedure, the beat treated 
compoDents may be further heat treated at 2400^ C. to about 
3000" C. in a halogen atmosphere to remove any remaining 
metallic elements as the oorre^nding volatile halides. 
Suitable halogens include fluorine, chlorine, and bromine, 
with chlorine being preferred. The purification treatment 
may be terminated when no metallic species are detected in 
the off-gas. 

[0049] High purity graphite components are produced by 
a tedinique that is well known in the art. Graphite compo- 
nents are fabricated and subsequently exposed to tempera- 
tures between about 1800° C. and about 2500° C. in a 
halogen atmosphere to remove any remaining metallic ele- 
ments as the corresponding volatile halides. Suitable halo- 
gens include fluorine, chlorine, and bromine, with chlorine 
being preferred. The purification treatment may be termi- 
nated when no metallic species are detected in the off-gas. 

[0050] Throughout the production process, great care is 
taken not to contaminate any parts. As discussed above, 
processii^ is performed to semiconductor standards, includ- 
ing the use of laminar air flow in work areas which ensure 
ISO 9000 conditions. 

[0051] High purity carbon/caibon composites prepared 
according to the present invention were analyzed by induc- 
tively coupled plasma spectroscopy (ICP) in comparison 
with conventional graphite components, the latter of which 
was also analyzed by atomic absorption spectroscopy 
(AAS). The results are shown in Table I below. 

TABLE! 



HighPuiUyOC 

Element (ppm) Graphite (1) Detection Limit (2) Level (2) 



Ahiminum 


<0.08 


0.1 


ND 


Calciuin 


0.13 


0.1 


ND 


Chioniiiiin 


<0.07 


0.01 


ND 


Copper 


<0.08 


0.02 


ND 


Iron 


0.09 


0.04 


0.18 


M&gncsiuin 


<D.02 


0.02 


ND 


MAngsoese 


<0.08 


0.01 


ND 


Nickel 


<0.10 


0.04 


ND 


Potassium 


<0.10 


4 


ND 


Sodium 


<0.05 


0.2 


ND 


Vboaduun 


<0.07 


0.02 


0.24 



(1) by ICP, AAS 

(2) by ICP 
ND-Not Detected 



[0052] High purity caitx)n/carbon composites prepared 
according to the present invention were analyzed by induc- 
tively coupled plasma spectroscopy in comparison with 
conventional carbon/carbon composites, the latter of which 
was analyzed by high temperature halonization, and the 
results are shown in Table II below. 

TABLE II 



CoDventiooal itigh Parity QC 

mcment (ppm) C/C (1) Dctedion Limit (2) Level (2) 



Aluminum 4 0.1 ND 

Calcium 10-30 0.1 ND 



TABLE Il-continued 





Conventioaal 




High Purity OC 


Element (ppm) 


C/C (1) D 


etection Lim 


it (2) Level p) 


CtuDmium 


<0.32 


0.01 


ND 


Copper 


<0.06 


0.02 


ND 


Iron 


^5 


0.04 


0.18 


Magnesium 


3-5 


0.02 


ND 


Manganese 


0.034 


0.01 


ND 


Molybdenum 


1 


0.02 


ND 


Nickei 


ND 


0.04 


ND 


Phosphorous 


5.8 


0.02 


ND 


Potassium 


ND 


4 


ND 


Sodium 


4.8 


0.2 


ND 



(1) by High Temperature Halonization 

(2) by Inductively Coupled Plasma %xx*roscopy (ICP) 
ND - Not Detected 



[0053] As shown in Tables I and Q, the high purity 
carbon/carbon composites of the present invention are below 
the detection limit for inductively coupled plasma spectros- 
copy analysis for the metals Al, Ca, Cr, Cu, K, Mg, Mn, Mo, 
Na, Ni, and P. Metal impurities are shown to be present in 
graphite, but at levels that are below 0.14 ppm for all metals 
tested, below 0.1 ppm for Al, Cr, Cu, Fe, IC, Mg, Mn, Na, Ni, 
and, V, and below the detection limit by Inductively Coupled 
Plasma Spectroscopy for AL, Mg and Na. Metal impurities 
are also found in conventional caibon/carbon composite 
materials (except for nickel and potassium). 
[0054] Carbon/carbon composites produced according to 
the invention were ashed and the diluted residue further 
analyzed by inductively coupled plasma spectroscopy for 
metals content in addition to those metals tested above. As 
demonstrated in Table III below, the concentration of these 
metals, Ag, Ba, Be, Cd, Co, Pb, Sr, and Zn, was also below 
the detection limit for the analytical technique. 

TABI^ in 



inCiH PURITY C/C 



EIJ^MENT 


DETECnON LIMFT (PPM) 


IJJVEL 


Darium 


0.01 


ND 


Beryllium 


0.01 


ND 


Cadmium 


0.01 


ND 


C6b«U 


0.02 


ND 


l^d 


0.2 


ND 


Silver 


0.02 


ND 


Strontium 


0.02 


ND 


Zinc 


0.02 


ND 



ND - Not Detected 



[0055] Hybrid susceptor components, according to the 
invention, can be used in semiconductor processing without 
first coating the component, althou^ it is preferable to 
precoal the components prior to use, in order to lock down 
any particles which may have formed as a result of the 
composite fabrication or machining process. A coating may 
be desired in the event of a change in the process furnace 
atmosphere. Components can readily be coated with a 
protective re&actory coating, such as refractory carbides, 
refractory nitrides, and, particularly with regard to compo- 
nents to be used in the production of gallium arsenide 
crystals, refractory borides. Preferred refractory coatings are 
silicon carbide, silicon nitride, boron nitride, pyrolylic boron 
nitride and silicon boride. Graded or layered coatings of the 
carbides, nitrides and borides may also be used. 
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[0056] Advantages of hybrid aiicible susceptors over both 
carboii/caitK>D (C/C) composite and traditional graphite sus- 
ceptors, particularly with regard to semiconductor process- 
ing such as in the semiconductor crystal growing process 
furnace, arise from two factors. The fiist is the ability to 
distrfl)ute corrosion evenly over the C/C composite compo- 
nent or components. The second is the greater thickness and 
density, and therefore overall resistance to corrosion, of the 
graphite component or components in comparison to one 
piece C/C susceptors. The graphite components of the 
hybrid crucible susceptor are exposed to more chemically 
reactive high temperature corrosive gases than the C/C 
composite components. 

[0057] The high purity, semiconductor standard carbon/ 
carbon composite components of the present invention can 
be produced to exhibit a density of about 1.6 to about 2 g/cc, 
and a porosity of about 2 to about 25%. These high purity 
composites generally range in tensile strength from about 25 
to about 100 ksi, in tensile modulus from about 3 to about 
30 msi, in flexural strength from about 15 to about 60 ksi, in 
compressive strength from about 10 to about 50 ksi, and in 
fractural toughness as measured by Izod impact, about 5 to 
about 25 ft-Ib/in. 

[0058] Such high purity composite components exhibit a 
thermal conductivity of about 20 to about 500 W/mK in 
plane and about 5 to about 200 W/mK cross-ply, and thermal 
expansion coefficients (CTE) of zero to about 2x10"* m/° C. 
in plane and about 6x10"*' m/m/' C. to about 10x10^ m/mj^ 
C. cross ply. Thermal cmissivity of the high purity compos- 
ites is about 0.4 to about 0.8. The electrical resistivity of the 
high purity composites is about lxl0~^ to about 1x10"^ 
ohm-cm. 

[0059] High purity graphite components display similar 
properties when compared to high purity carbon/carbon 
composite components. The high purity graphite compo- 
nents typically have a fiexural strength of about 8 to about 
9 ksi, a compressive strength of about 15 to about 20 ksi, a 
fracture toughness as measured by Izod impact of about 1 ft 
Ib/in, a thermal expansion coefficient of about 2x10^^ m/mf* 
C. and about 10x10"*^ m/m/** C, an in-plane thermal con- 
ductivity of about 70 to about 130 W/mK, a thermal cmis- 
sivity of about 0.5 and about 1.0, and an electrical resistivity 
of about 1.2x10"^ to about 2.2x10"^ ohm-cm. High purity 
carbon/caibon composite and graphite components used in 
the present invention were produced and exhibited the 
properties demonstrated in Table IV below. 



TABLE IV 







CARBON/ 








CARBON 




PROPEKTlf 


UNITS 


COMPOSFTE 


ORAPHITE 


Density 


g/cc 


1.65 - 1.75 


1.70 - 1.85 


Melt Point* 


°C 


3650 


3660 


Tensile Strength 


Ksi 


35 


13 


Tensile Modulus 


Msi 


16 


1.2 


FlcxuiaJ Strength 


Ksi 


25 


7S 


Compressive Strength 


Ksi 


30 


13 


Fracture Tbughness 


Izod ft IbAa 


13 


1 


CTE-with ply 




1.4 X 10" 


3.3 - 5J X 10" 


CTE-acTOss ply 


in/m/°C. 


63 X lOf 


NA 


Thermal Conductivity 


W/mK 


50- 160 


70 - 130 


Porosity 


% 


8 


10-18 


Thermnl Emlssivity 




0S2 


0.77 



TABLE IV-continued 







CARBON/ 






CARBON 


PROPERTY 


UNITS 


COMPOSITE GRAPHITE 


Resistivity @ 




0.0010 0.0012 - 0.0022 


1500° C. 







*SubUmatioD Temperature 



[0060] According to the present invention, the high purity, 
semiconductor standard caibon/caibon composites are 
formed into ao upper portion of a crucible susceptor. These 
components are useful in the Czochralski crystal growing 
furnace for producing semiconductor crystals of silicon, as 
well as other semiconductor materials such as gallium 
arsenide and cadmium zinc telluride, by pulling a crystal 
from a semiconductor melt 

[0061] According to the invention therefore, Czochralski 
process furnace crucible susceptors have been fabricated, 
comprising at least one high purity, semiconductor standard 
composite component including a carbon fiber reinforced 
carbon matrix, and at least one high purity, semiconductor 
standard graphite component, both of which have a total 
level of metal impurity below about 10 ppm, preferably 
below about 5 ppm, and more preferably having a level of 
metal impurity below 0.14 ppm for the metals Al, Ca, Cr, 
Cu, Fe, K, Mg, Mn, Na, Ni, V. More preferably, the graphite 
and carbon/carbon composite components have a metal 
impurity level below 0.1 ppm for Al, Cr, Cu, Fe, K, Mg, Mn, 
Na, Ni, and, V. Most preferably, the graphite and carbon/ 
carbon composite components have a metal impurity level 
below the detection limit of inductively coupled spectros- 
copy for the metals for Al, Mg and Na. 

[0062] The high purity hybrid susceptors have been used 
in the Czochralski crystal growing process for pulling a 
sihcon ingot from a silicon melt. In this process, the silicon 
melt was formed in a quartz crucible, which was intimately 
supported within the furnace by the susceptor. 

[0063] As shown in the sectional schematic of FIG. 1, a 
typical Czochralski semiconductor processing reactor com- 
prises a furnace 10 having a water jacketed stainless steel 
wall 11 to enclose the processing area. Insulation, not 
shown, protects the wall &om the internal heating elements 
12. Disposed radially inwardly of heating elements 12 is the 
crystal- or ingot-pulling zone 13, where the semiconductor 
material is melted and processed. 

[0064] Within crystal pulling zone 13, a cmcible 14, 
suitably made of quartz, is intimately supported by a high 
purity hybrid crucible susceptor 15 which rests either on a 
refractory hot surface, insulation, an axle for rotation of the 
crucible susceptor 15, or another furnace component (not 
shown). An upper portion 15a of hybrid crucible susceptor 
15 is comprised of a high purity carbon/carbon composite 
material, while a base 15b of hybrid crucible susceptor 15 is 
comprised of a high purity graphite material. A seahng 
member 15c is also comprised of a high purity graphite 
material. The semiconductor material is heated within the 
crucible 14 to form a melt 16, from which a crystal or ingot 
17 is drawn by conventional crystal drawing means 18, such 
as a weighted pulley. The semiconductor material is highly 
pure, electronic quality sihcon or galhum arsenide. The 
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crystal pulling zone 13 may be maiotained at a subatmo- 
spheric pressure, by means for evacuating Ibe furnace (not 
shown). 

[0065] As shown in FIG. 1, outside heating elements 12 
and crystal pulling zone 13 is disposed a furnace heat shield 
or furnace tube liner 19, comprising high purity graphite or 
carbon/caibon composite. Crucible susceptor 15, and par- 
ticularly heat shield or tube liner 19, protect crystal pulling 
zone 13 and melt 16 and crystal 17 contained therein fiom 
potentially contaminating elements. Alternatively, a heat 
shield can be di^xsed radially outside of the heating ele- 
ments in order to contain heat within the aystal pulling zone 
and prevent its dissipation radially (not shown). 

[0066] These high purity composite components provide a 
stable thermal environment in whidi the solidification of 
crystal or ingot 17 is permitted to proceed without non- 
uniformity causing thermal excursions. Heat shield 19 as 
shown in FIG. 1, helps to maintain crystal pulling zone 13 
at an optimum temperature for the semiconductor material 
being processed such as about 1450** C. for silicon, even 
thou^ the outer surface of the ^ield, exposed to the heating 
elements 12, may experience a much h^er temperature 
such as 1500° C. to 2000° C. Crucible susceptor 15 inti- 
mately supports the criicible 14, which may soften and begin 
to "flow" at operating temperatures. The susceptor 15 main- 
tains the structural integrity of the crucible 14 during opera- 
tion. 

[0067] As shown in FIG. 1, susceptor 15 comprises an 
upper portion 15a, a base 15b and a sealing member 15c. 
Base 15b and sealing member 15c are graphite while upper 
portion 15a is carbon/caibon composite. The graphite com- 
ponents form a structure which curves upward to approxi- 
mately the point at which the inside surface becomes cylin- 
drical, forming a lower portion of the inner side walls of the 
susceptor In this example, upper portion 15fl preferably fits 
onto base 15b as an upper sleeve to form a top portion of the 
side walls of the susceptor. Base 15b may be engineered to 
include an annular ledge 20, such that upper portion 15a 
rests on and is at least partially supported by annular ledge 
20 of base 15b. Annular ledge 20 may also be engineered to 
engage a sealing member 15c. Alternately, the structures 
formed by base 15b and sealing member 15c may be 
engineered as a single piece (not shown). Upper portion 15a, 
base 15b, and sealing member 15c are preferably engineered 
with reference to the coefficients of expansion of the parts, 
such that upper portion 15a, base 15b, and scaling member 
15c become closely engaged at the operating temperature of 
the furnace, most prefer^ly, forming an interference fit at 
the operating temperature of the furnace. According to this 
example, crucible 14 is directly supported by upper portion 
15a, base 15b, and sealing member 15c. In the course of 
operation of furnace 10 containing susceptor 15, deposits of 
silicon carbide or other compounds may form on sealing 
member 15c. As these deposits continue to form, they may 
alter the close tolerance between sealing member 15c and 
upper portion 15a. if these alterations become great enough, 
stress may be placed on the components of susceptor 15 
during operation of the furnace, possibly resulting in the 
introduction of cracks into base 15b or sealing member 15c. 
Therefore, sealing member 15c may be removed after one or 
more uses for cleaning or replacement. 

[0068] FIG. 2 ^ows an alternative design for a hybrid 
crucible susceptor 21. Susceptor 21 has an inner surface 23 



and an outer surface 25. In this embodiment, susceptor 15 
comprises a base 22 and an upper portion 24. Base 22 of 
susceptor 21 is comprised of graphite. Upper portion 24 of 
susceptor 21 is comprised of carbon/carbon composite mate- 
rial. Base 22 also has a protruding member 26 which extends 
upward from the surface of base 22. Protrudir^ member 26 
is preferably located at or near the center of base 22. When 
assembled in susceptor 21, protruding member 26 of base 22 
directly supports at least a portion of cmdble 14. Upper 
portion 24 is cup^haped or curved, with an aperture or 
orifice 28 preferably located in the region of upper portion 
24 that corresponds to the bottom of a cup or curve. In such 
an embodiment, upper portion 24 fits on top of and is at least 
partially supported by base 22, with protruding member 26 
mating with aperture or orifice 28. Protruding member 26 is 
preferably engineered to extend upward from the remainder 
of base 22 a distance essentially equal to the thickness of 
upper portion 24 adjacent to orifice 28 such that protruding 
member 26 completes the arc of an iimer surface of upper 
portion 24 interrupted by orifice 28. In such an embodiment, 
when upper portion 24 is engaged on base 22, upper portion 
24 and base 22 present an essentially tmitary iimer surface 

23 of susceptor 21 at the operatii^ temperature of the 
furnace. Stated another way, when assembled and at the 
operating temperature of a crystal pulling process, the sus- 
ceptor preferably has an inner surface that is essentially 
smooth and uninterrupted. As in the previously described 
embodiment, base 22 and upper portion 24 are preferably 
engineered with reference to the coefficients of expansion of 
the parts, such that the two components become closely 
engaged, most preferably forming an interference fit, at the 
operating temperature of the furnace. In this way, crucible 14 
is directly supported by both protruding member 26 of base 
22 and upper portion 24 of susceptor 15. Susceptor outer 
surface 25 may taper in such a way that upper portion 24 is 
thicker at or near its top edge than it is adjacent to orifice 28. 
Such a configuration provides susceptor 21 with greater 
thickness in those regions susceptible to greater corrosion. 
[0069] FIG. 3 shows an alternative design for a hybrid 
crucible susceptor 27. In this embodiment, susceptor 27 
comprises a plug base 35 and an upper ftortion 36. Plug base 
35 is comprised of graphite. Upper portion 36 is comprised 
of high purity carbon/carbon composite material. Upper 
portion 36 is cup^haped or curved, with an aperture or 
orifice 38 preferably located in the region of upper portion 

24 that correi^nds to the bottom of a cup or curve. Upper 
portion 36 fits on top of a pedestal 37 or other supporting 
device, either directly (not shown) or indirectly by resting on 
a pedestal spacer 39 which rests on pedestal 37. Plug base 

35 directly fits onto pedestal 37. The dimensions of pedestal 
37, plug base 35 and upper portion 36 are preferably 
engineered such that plug base 35 completes the arc of an 
inner surface of upper portion 36 interrupted by orifice 38. 
In this way, when susceptor 27 is assembled, it presents an 
essentially unitary inner surface to a criicible at a tempera- 
ture at which a crystal ingot is pulled. As in previous 
embodiments, pedestal 37, plug base 35 and upper portion 

36 of susceptor 27 arc preferably engineered with reference 
to the coefficients of expansion of the parts, such that the 
components become engaged at the operating temperature of 
the fiimace, preferably forming an interference fit. 
[0070] As shown in FIG. 4, the crucible susceptor 30 has 
a high piuity composite upper side wall 31, a top opening 32 
and a high purity graphite base 33. The interior of the 
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crucible susceptor 30 is sbaped to hold the particular cru- 
cible design for which it was intended, and thus the base 33 
can be scooped in the form of a bowl and can optionally 
contain a ridge 34 such as for nesting the crucible. Upper 
side wall 31 may contain fixturing holes 35 for mounting the 
susceptor 30. 

[0071] In an alternative embodiment shown in FIG. 5, the 
crucible susceptor 40 also has a high purity composite upper 
side wall 41, a top opening 42 and a high purity graphite 
base 43. Base 43 may also be scooped, and base 43 and side 
wall 41 may optionally contain one or more ridges 44. 
Fixturing holes 45 may be present in the side wall 41. The 
base 43 can contain a high purity composite or graphite 
fitting 46 which defines an engagement zone 47 that may 
engage an axle for rotating the crucible/oucible susceptor 
assembly, an exhaust tubing for lowering the pressure of the 
furnace interior, or another furnace component. The ease of 
fabrication of the high purity carbon/carbon composite 
materials prior to carbonization, and their machinability 
after carbonization, permits the fabricating the furnace com- 
ponents into any desired configuration. 

[0072] The present invention also provides a single crystal 
growing process for pulling a single crystal ingot from a 
crystal material melt. According to this process, the hybrid 
cmcible susceptor, as described above, is used to intimately 
support a crucible which contains a crystal material melt. 
Tlie crystal material may be sapphire, silicon, gallium ars- 
enide, or cadmium zinc tclluridc, for example. Also accord- 
ing to the present invention, the hybrid crucible susceptor 
may be utilized in a Czochralski crystal growing process for 
pulling a semiconductor ingot from a semiconductor mate- 
rial melt. In such a process, the semiconductor material may 
be silicon, gallium arsenide, or cadmium zinc telluride. 

[0073] Use of the hybrid susceptor according to the pro- 
cess of present invention provides the following improve- 
ments for the crystal grower, in the CZ process and related 
single crystal pulling operations. The crucible can be com- 
pletely contained, eliminating the need for additional spill 
containment resources. Thermal management of the crystal 
growing fiimace hot zone is improved, thus providing 
energy savings and improvement of crystal quality by a 
reduction of crystal dislocations. The effective size of the hot 
zone for a given fixed fiimace vessel or furnace size is 
increased, by a reduction in the susceptor side thickness, 
thus providing an increase in the amount of crystal growing 
melt, such as polysilicon, which can be placed in the 
correspondingly enlarged quartz crucible. The hybrid sus- 
ceptor has a greatly increased lifetime relative to conven- 
tional graphite susceptors and carbon/carbon composite sus- 
ceptors, due to an increased number of beating and cooling 
cycles which the hybrid susceptor can tolerate prior to 
replacement. 

[0074] The carbon/carbon susceptor component of the 
present invention is preferably fabricated with a two dimen- 
sional, continuously woven carbon fiber fabric. This con- 
tinuous fiber, ply lay-up structure provides a susceptor 
having over ten times the physical properties of the existing 
graphite components. Additionally, carbon/carbon susceptor 
components do not exhibit catastrophic failures under 
elevated temperature conditions in an aigon atmosphere. 

[0075] The dimensions of the carbon/carbon susceptor 
upper section and graphite susceptor lower section are 



configured with regard to the coefficients of expansion of the 
two materials such that the upper section and the lower 
section fit closely together at the operating temperature of a 
crystal pulling furnace such as a CZ process fiimace. 

[0076] The increase in furnace hot zone achieved accord- 
ing to the present invention is directly derived from the 
reduction in the susceptor side ring thickness. The carbon/ 
carbon susceptor component thickness preferably ranges 
firom about 3 mm up to about 9 mm. This is a total reduction 
in part thidmess over graphite of about 50 percent up to 
about 85 percent. The corresponding difference between the 
hybrid susceptor and graphite susceptor part thickness trans- 
lates into a 25 to 50 mm increase in hot mnc size. This 
means that a single crystal grower can increase its capacity 
by up to 24%. This can also allow for the production of 
crystals with a larger diameter than would otherwise be 
possible with a conventional graphite susceptor. 

[0077] The decreased mass of the components of the 
present invention compared to graphite susceptors provides 
a faster heat-up and cool-down times for a crystal pulling 
fiimace equipped with the susceptor of the present inven- 
tion. 

[0078] The following further advantages have been real- 
ized using the high purity composite components of the 
present invention in the CZ crystal growing apparatus. The 
improved durability of the hybrid susceptor results in a 
reduction in furnace downtime. ITie hybrid susceptor of the 
present invention may provide a typical lifetime improve- 
ment of 110 to 150 percent, compared to prior susceptors. 
The durability of the high purity carbon/carbon composite 
components is due to their superior thermal and mechanical 
properties. 

[0079] The use of high purity carbon/carbon composite 
components in the CZ crystal growing reactor results in 
significant improvements in the yield of sihcon wafers that 
are classified as "good for structure". The yield of "good for 
structure" wafers produced with graphite fiimace compo- 
nents was 68 percent, while the yield of "good for stmcture" 
wafers produced with hybrid fiirnace components was 72 
percent. It should be noted that in the silicon semiconductor 
wafer manufacturing industry, a 1 percent increase in yield 
is regarded as extremely financially significant. This differ- 
ence in good for structure yield may be attributable to the 
superior control of thermal conductivity throughout the high 
purity caibon/carbon composite components over time. Very 
little degradation of thermal properties of the inventive 
materials was observed. It is envisioned that silicon material 
produced using the susceptor of the present invention will 
exhibit a minority carrier lifetime of greater than 400 
microseconds. 

[0080] Regarding power consumption, the electrical 
power required by a CZ furnace equipped with hybrid 
components was significantly less than thai of a similar 
furnace equipped with conventional graphite parts, 'litis is 
due to the superior thermal characteristics of the high purity 
carbon/carbon composite components, as shown above. This 
power saving;^ is very significant, in terms of capital require- 
ments as well as operating costs. 

[0081] Therefore, the present invention provides the pro- 
duction and use of hybrid crudble susceptors comprising 
graphite and carbon/carbon composite components for use 
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io semiconductor processing, ihc cost and durability advan- 
tages of tbe inventive susceptor with respect to graphite and 
carbon/carbon composite susceptors have been demoo- 
strated, as shown above. It should be understood that tbe 
present invention is not limited to tbe specific embodiments 
described above, but includes tbe variations, modifications 
and equivalent embodiments that are defined by the follow- 
ing claims. 

We claim: 

1. A crucible susceptor for a crystal growing process for 
puUing a crystal ingot bom a crystal material melt in a 
crucible, comprising: 

at least one high purity composite component containing 
a carbon fiber reinforced carbon matrix, said at least 
one high purity composite component having a total 
level of metal impurity less than about 10 parts per 
million; and 

at least one high purity graphite component, said at least 
one high purity graphite component having a total level 
of metal impurity less than about 10 parts per million. 

2. The crucible susceptor of claim 1, wherein the carbon 
matrix is reinforced with a two dimensional, continuously 
woven carbon fiber fabric. 

3. The crucible susceptor of claim 1, wherein the caixcible 
susceptor comprises a lower section and an upper section, 
wherein the at least one high purity graphite component 
comprises tbe lower section and the at least one high purity 
composite component comprises the upper section. 

4. The crucible susceptor of daim 3, wherein the upper 
section is essentially cylindrical and wherein the upper 
section fits onto the lower section as an upper sleeve to form 
a top portion of the side walls of the susceptor. 

5. The crucible susceptor of claim 3, wherein the lower 
section extends upward at least to the point at which an 
inside surface of the susceptor becomes cylindrical. 

6. The crucible susceptor of claim 3, wherein the upper 
section and the lower section of tbe crucible susceptor form 
an interference fit at a temperature at which a crystal ingot 
is pulled. 

7. The crucible susceptor of claim 1, additionally com- 
prising a refractory coating selected from the group consist- 
ing of carbides, borides, and nitrides. 

8. The crucible susceptor of claim 1, additionally com- 
prising a refractory coating selected &om the group consist- 
ing of silicon carbide, silicon nitride, boron nitride, pyrolytic 
boron nitride and silicon boride. 

9. The crucible susceptor of claim 1 wherein said metal 
impurity is selected from the group consisting of Al, Ca, Cr, 
Cu, Fe, K, Mg, Mn, Na, Ni, V and mixtures thereof. 

10. The crucible susceptor of claim 1 wherein the at least 
one high purity composite component and tbe at least one 
high purity graphite component have a total level of metal 
impurity less than about 5 parts per million. 

U. The crucible susceptor of claim 1 wherein the at least 
one high purity composite component and tbe at least one 
high purity graphite component have a level of metal 
impurity for any one metal less than about 0.14 parts per 
million. 

12. The crucible susceptor of claim 1 wherein the at least 
one high purity composite component has al least one 
property selected from the group consisting of: 



a fiexural strength of greater than or equal to about 15 ksi; 

a compressive strength of greater than or equal to about 10 
ksi; 

a fracture toughness as measured by Izod impact of 
greater than or equal to about 5 ft lb/in; 

an in-plane thermal expansion coefficient of zero to about 
6x10"* m/m/* C; 

a cross-ply thermal expansion coeflEcienl of about 6x10"* 
ca/tnT C. and about 10x10"* m/m/' C; 

an in-plane thermal conductivity of about 20 to about 500 
W/mK; 

a cross-ply thermal conductivity of about 5 to about 200 
W/mK; 

a thermal emissivity of about 0.4 and about 0.8; 

an electrical resistivity of about 1x10^ to about 1x10"^ 
ohm -cm. 

13. The crucible susceptor of claim 1 wherein the at least 
one high purity graphite component has at least one property 
selected bom the group consisting of: 

a fiexural strength of greater than or equal to about 8 ksi; 

a compressive strength of greater than or equal to about 15 
ksi; 

a fracture toughness as measured by Izod impact of 
greater than or equal to about 1 ft Ib/in; 

a thermal expansion coefficient of about 2xl0~* m/m/** C. 
and about lOxlO"* m/m/° C; 

an in-plane thermal conductivity of about 70 to about 130 
W/mK; 

a thermal emissivity of about 0.5 and about 1; and 

an electrical resistivity of about 1.2x10"^ to about 2.2x 
10""* ohm-cm. 

14. The crucible susceptor of claim 1, wherein the at least 
one high purity composite component forms a cup-shaped 
upper section, said upper section having an orifice located in 
the region of the upper section corre^onding to the bottom 
of a cup, wherein the at least one high purity graphite 
component forms a base of the susceptor, said base being 
shaped in such a way that a portion of said base engages said 
orifice and said upper seaion and said lower section form an 
interference fit at an operating temperature of a crystal 
growing process. 

15. The crucible susceptor of claim 14, wherein the 
susceptor has an inner surface and wherein the portion of the 
base which engages said orifice completes the arc of the 
inner surface of the upper portion interrupted by said orifice, 
such that the inner surface of the crucible susceptor is 
essentially smooth and uninterrupted. 

16. The crucible susceptor of claim 15 wherein the 
thickness of the upper section tapers upwardly such that the 
upper section is thinner at a top edge than it is adjacent to the 
orifice. 

17. A single crystal growing process for pulling a single 
crystal ingot from a crystal material melt, comprising: 

providing a crystal material melt in a crucible, and, 

intimately supporting the crucible with a crucible suscep- 
tor containing at least one high purity composite com- 
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ponent contaioiDg a carbon fiber neioforced caiboo 
matrix, said at least one high purity composite compo- 
□ent having a total level of metal impurity less than 
about 10 parts per miUion, and at least one high purity 
graphite compoaeot, said at least one high purity graph- 
ite component having a total level of metal impurity 
less than about 10 parts per million. 

18. The process of claim 17, wherein the hi^ purity 
composite component contains a carbon matrix reinforced 
with a two dimensional, continuously woven carbon fiber 
fabric reinforcement. 

19. The process of claim 17, wherein the crystal material 
is selected from the group consisting of sapphire, silicon, 
gallium arsenide aixl cadmium zinc telluride. 

20. The process of claim 17, wherein the crucible sus- 
ceptor comprises a lower section and an upper section, 
wherein the at least one high purity graphite component 
comprises the lower section and the at least one high purity 
composite component comprises the upper section. 

21. Hie process of claim 20, wherein the lower section 
extends upward al least to the point at which the inside 
surface of the susceptor becomes cylindrical. 

22. Hie process of claim 20, wherein the upper section 
and the lower section of the crucible susceptor form an 
interference fit al a temperature at which a crystal ingot is 
pulled. 

23. A Czodiralski crystal growing process for pulling a 
semiconductor ingot firom a semiconductor material melt, 
including: 



providing the semiconductor material melt in a quartz 
crucible, and, 

intimately supporting the crucible with a cmcible suscep- 
tor containing at least one high purity composite com- 
ponent containing a two dimensional, continuously 
carbon fiber reinforced carbon matrix, said at least one 
high purity composite component having a total level 
of metal impurity less than about 10 parts per million, 
and at least one high purity graphite component, said at 
least one high purity graphite component having a total 
level of metal impurity less than about 10 parts per 
million. 

24. The process of claim 23, wherein the semiconductor 
material melt is selected from the group consisting of 
silicon, gallium arsenide and cadmium zinc telluride. 

25. The process of claim 23, wherein the cmcible sus- 
ceptor comprises a lower section and an upper section, 
wherein the at least one high purity graphite component 
comprises the lower section and the at least one high purity 
composite component comprises the upper section. 

26. The process of claim 25, wherein the lower section 
extends upward at least to the point at which the inside 
surface of the susceptor becomes cylindrical. 

27. The process of claim 25, wherein the upper section 
and the lower section of the cnidblc susceptor form an 
interference fit at a temperature at which a semiconductor 
ingot is pulled. 

***** 
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* NOTICES ♦ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the crucible for silicon crystal pulling of carbon fiber strengthening carbon 

material (henceforth C/C). 

[0002] 

[Description of the Prior Art] The crucible made from a graphite was mainly conventionally used as a crucible for 
silicon-single-crystal manufacture of the semiconductor by the Czochrlski method (following CZ process). Although this 
graphite crucible held and used the quartz crucible for the interior, the problem of deformation, damaging had a graphite 
crucible according to the difference of coefficient of thermal expansion with SiC generated in the surface section of graphite 
material and graphite material. Even if the crucible used with enlargement of recent years and a wafer also becomes 
large-sized, there are restrictions of the manufacture conditions of graphite material and a wafer can respond in the present 
condition the diameter of 8", 12" of 48" graphite crucible material is needed at a wafer pan for the time of a wafer the 
diameter of 36" the diameter of 16", and a demerit increases in respect of cost for cutting from block material. In this case, 
manufacture of high-defmition isotropic graphite material becomes difficult. 

[0003] Then, there are few differences of coefficient of thermal expansion with a quartz, and it changes to a graphite crucible 
and it has been used for enlargement by the crucible using the carbon fiber strengthening carbon (following C/C) which is the 
material which was excellent with the high temperature strength recently, directing. 

[0004] Although this C/C is the material which was excellent as a crucible for CZ, it also has various problems as follows. 
[0005] Since C/C uses the carbon fiber as a material first, merits and demerits arise in the productivity of a product, and a 
property according to the gestalt of a process and a material. That is, although there are some which carried out laminate 
molding using the carbon fiber of what roughly divides and depends the crucible of C/C on the filament winding fabricating 
method (the following FW method), a cross system, or a felt system, there are the respectively following problems. 
[0006] First, for fabrication by the machine, productivity is good, and is stable and the crucible of C/C by the FW method is 
excellent also in the strength property. [ of quality ] 

[0007] However, since there are few debts of a fiber comrade, there is a weak field to exhaustion by the chemical reaction. 
That is, since it is quickly tended with advance of a reaction to wear out the carbon material of the matrix of C/C, it 
skeieton-izes and a crucible becomes easy to collapse. 

[0008] On the other hand, to the expendability by the chemical reaction, since the fiber comrade is entangled, although the 
C/C crucible using the material of a cross system and a felt system is strong, it has difficulty a little in respect of productivity 
or intensity. That is, since laminate molding takes time and effort to the thing of a cross system, it is inferior in respect of 
productivity, and the things of a felt system run short a little in respect of intensity. 

[0009] Thus, merits and demerits produce a C/C crucible in productivity and a property by selection of the fabricating method 
and a material gestalt. 

[0010] Next, the laminating cross section has exposed the upper-limit section of a crucible, and a C/C crucible has the- 
problem on which exhaustion by the chemical reaction tends to advance from this cross section. That is, the material of a 
cross system is used, or in the right-angled direction (the thickness direction) and field inboard of a laminating side, C/C 
fabricated by the FW method has an anisotropy, and the difference of a property produces it. 

[001 1] And in respect of the permeability of gas, since the difference of the right-angled direction and field inboard is large, 
the reaction from the cross-section edge of a crucible and degradation tend to progress. 

[0012] Furthermore, it was difficult for what really fabricated C/C RUBBO to obtain a satisfying product, and productivity 
and its a moldability were not good, and it had a problem in respect of quality and cost. 

[0013] At the drum section and pars basilaris ossis occipitalis of a crucible, a difference is in the degree [ exhausting / by the 
reaction ], and it cannot but become cost quantity to manufacture the crucible which continuation of use becomes impossible 
and was really anew fabricated by consumption of more partes basilaris ossis occipitalis / exhausting / reaction ]. 
[0014] Then, the crucible which could consider the crucible which combined other material and C/C material, for example, 
constituted the drum section from C/C material and constituted the pars basilaris ossis occipitalis from graphite material like a 
JP,3-43250,Y and utility model registration [ No. 3012299 ] publication is proposed. However, design top difficulty produces 
the crucible constituted combining the different-species material from the field of a physical property, coefficient of thermal 
expansion, thermal conductivity, and intensity. 
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[0015] As mentioned above, although C/C material was a material superior to graphite material in the high temperature 
strength etc., the crucible for silicon-single-crystal manufacture which constituted the whole from C/C material was difficult 
for obtaining a sufficiently satisfactory thing in respect of productivity, cost, and quality etc. 
[0016] 

[Problem(s) to be Solved by the Invention] It is based on the above problems, and this invention person has good 
productivity, is excellent in the expendability-proof and intensity by the chemical reaction, and offers the crucible for silicon 
crystal pulling with many merits by which the whole was constituted from C/C also in respect of cost. 
[0017] 

[Means for Solving the Problem] In order to attain the above technical problems, this invention person proposes the following 
meanses. It is the crucible for silicon crystal pulling of carbon fiber strengthening carbon material (following C/C) first, and is 
the carbon fiber strengthening carbon crucible for a silicon-single-crystal pull-up which consists of a bilayer constituted from 
C/C which made the crucible inside the C/C material using the carbon fiber cross layered product or the carbon fiber felt 
layered product, and fabricated the crucible outside by the filament winding method. 

[0018] Next, in the crucible for silicon crystal pulling made from C/C, it is the carbon fiber strengthening carbon crucible for 
silicon crystal pulling characterized by constituting from C/C material without the laminating cross-section exposure which 
makes all crucible front faces a laminating flat surface. 

[0019] And it is the crucible for silicon crystal pulling which consisted of C/C material, and is the carbon fiber strengthening 
carbon crucible for silicon crystal pulling characterized by carrying out for the pars basilaris ossis occipitalis which the body 
portion, the R section, and bottom of a crucible was united with comparatively for 2 minutes. 

[0020] Next, it is the crucible for a silicon-single-crystal pull-up which consisted of C/C material, a part for the pars basilaris 
ossis occipitalis the crucible body portion, the R section, and the bottom were united with is fabricated separately, and after 
joining, it is the carbon fiber strengthening carbon crucible ftirther characterized by sinking-in precise-ization and graphitizing 
and unifying baking and if needed. 

[0021] It is the crucible for a silicon-single-crystal pull-up which ftirthermore consisted of C/C material, and is the carbon 
fiber strengthening carbon crucible which considers as the C/C material unit of vertical division trichotomy of the inside of a 
crucible, and is characterized by having inserted the body section made from C/C of one outside, and constituting from four 
parts. 

[0022] It is the solid-casting-mold crucible for a silicon-single-crystal pull-up which finally consisted of C/C material, and is 
the carbon fiber strengthening carbon crucible which considers as the C/C material unit of vertical division trichotomy of the 
inside of a crucible, and is characterized by having consisted of a part for the pars basilaris ossis occipitalis the body portion, 
the R section, and the bottom were united with, and constituting an outside from five parts. 

[0023] The C/C crucible of this invention is explained in detail with a drawing below. In this invention, drawing 1 uses a 
cross system or the felt system C/C material 1 inside by the C/C crucible according to claim 1, and is a bilayer C/C crucible 
using the C/C material 2 according to FW fabrication to an outside. 

[0024] Since exhaustion by the chemical reaction tends to advance, the inside of a crucible can raise the expendability-proof 
over a chemical reaction by using the carbon fiber cross layered product or carbon fiber felt layered product with which fiber 
is entangled. 

[0025] On the other hand, although it is hard to receive exhaustion by the chemical reaction, since high intensity is required, 
the outside of a crucible is constituted using the C/C material by the FW method excellent in intensity. Thus, the C/C crucible 
which was excellent synthetically in consideration of productivity, intensity, expendability-proof, etc. can be obtained by not 
constituting the whole from homogeneous C/C material, but making a crucible into the bilayer by the side of inside and 
outside, and constituting each from C/C of another kind. 

[0026] Next, drawing 2 is a C/C crucible according to claim 2, and consists of C/C material without the laminating 
cross-section exposure which makes all crucible front faces a laminating flat surface. This C/C crucible is obtained by 
carrying out a lap and losing exposure of a laminating cross section so that the edge of a crucible may be further covered by 
the C/C material 3. 

[0027] Although gas permeability is high and exhaustion by the chemical reaction tends to advance, by losing exposure of a 
laminating cross section as mentioned above, and making all front faces into a laminating flat surface, a laminating cross 
section can mitigate degradation [ exhausting / from a crucible edge ], and can be contributed to extension of a crucible life. 
[0028] Drawing 3 is the C/C crucible of a claim 3, and consists of parts for the pars basilaris ossis occipitalis 5 the body 
portion 4, the R section, and bottom of a crucible were united with, the body section and a pars basilaris ossis occipitalis are 
simple - comparing - a taper side - comparing -- etc. - it fits in 

[0029] Thus, the body section and the pars basilaris ossis occipitalis of a crucible are divided, by fitting in, really, rather than 
the case of fabrication, productivity can be raised and a C/C crucible with many merits also in cost can be obtained. 
[0030] That is, the life extension of a crucible can be made possible by receiving thermal stress strongly including the R 
section, and exchanging a pars basilaris ossis occipitalis with the high rate of exhaustion by the chemical reaction, and 
continuing and using the body section with little exhaustion. 

[003 1] Next, drawing 4 is invention according to claim 4, and after it divides and fabricates the body section 6 of a crucible, 
and the pars basilaris ossis occipitalis 7 containing the R section too and joins this, they is sinking in and a crucible which 
precise-turn and it comes to graphitize baking and if needed. It is desirable to process a proper configuration injunction, so 
that a joint may fit in. 
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[0032] Like invention of a claim 3, although this crucible has a merit in respect of productivity, cost, and a life, it makes the 
airtightness of a joint able to become enough in addition, can prevent exhaustion by the chemical reaction of a joint, and can 
be further contributed to life extension. 

[0033] Drawing 5 is invention according to claim 5, and is the crucible which made the inside of a crucible the vertical 
division trichotomy unit 8, inserted the body section 9 made from QIC of one outside, and was constituted from four parts. 
[0034] By preparing the body section of one outside, an inside trichotomy unit is restrained and it becomes possible to 
prevent the aperture of a crucible. By constituting from four parts, really, rather than the case of fabrication, fabrication is 
easy and productivity improves. 

[0035] The body section with little outside consumption can extend a crucible life by using it continuously by an inside 
trichotomy unit's having much consumption and exchanging this. 

[0036] Drawing 6 is invention according to claim 6, and it is the crucible which the crucible inside considered as the unit 10 
of vertical division trichotomy, and the crucible outside consisted of a part for the pars basilaris ossis occipitalis 12 the body 
portion 11, the R section, and the bottom were united with, and consisted of five parts. 

[0037] As for this, like the crucible which consists of four parts of the above-mentioned claim 5, the sex of production is large 
and can prevent the aperture of an inside trichotomy unit rather than one fabrication. Moreover, a crucible life can be raised 
by exchanging an inside unit and carrying out continuation use of the outside. 

[0038] Furthermore, the crucible constituted with this part can cover the joint of an inside trichotomy unit completely, and 
makes the permeability of gas mitigate by this, and by reducing exhaustion by the chemical reaction, its effect is large and can 
contribute it to the life extension of a crucible further. 
[0039] 

[Effect of the Invention] According to this invention, about the crucible for a silicon-single-crystal pull-up which constituted 
the whole from C/C material, it excels in a high temperature strength and a crucible with a high effect is obtained by life 
extension also to the exhaustion-proof by the chemical reaction. The C/C crucible which was excellent synthetically in 
consideration of a product property, productivity, and the cost side can be offered, and it is very useful on industry. 
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semi-graphitization. 
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(57) The present invention is directed to a single 
crystal pulling crucible of cartx)n f ber reinforced carbon 
composite material formed by the filament windings t}y 
combination of axially reinforced layers as well as dr- 
cumferentially reinforced layers, which combination is 
given in two or more sets, and to the producing method 
thereof. The cicumferentially reinforced layers resist a 
force tending to expand a drum portion of the crucible, 
and the axially reinforced layers resist a force tending to 
push down a bottom of the crucible. Tbe axially rein- 
forced layers extending from the bottom portion to the 
drum portion can be formed by at least either of a level 
wincfing of a contact angle of 0 ^ to 10 with respect to 
the center axis and a poral winding, and the circumfer- 
entially reinforced layers in area adjacent to the drum 
portion out of the drum portion and the tiottom portion 
can be formed by at least either of a parallel winding of 
a contact angle of 70' to 90 " with respect to the center 
axis arxl a belief windin g. Whenthe axially reinforced 
layers cover the center of the bottom portion, an integral 
crucit^le of C/C composite material with no hole is pro- 
vided. When the surface of the C/C composite material 
is impregnated and covered with a pyrolytic cartxxi, 



improved resistance to forming SiC is provided. 

Fig.l 
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Description 

Technical ReU 

[0001] The present Invention relates to a cnjcWe s 
applied to a single crystal pulling apparatus for pulling 
single crystals of silicon, gallium or tfieir compounds 
and to a producing mettxxt ttiereof. More particularly, 
the present Invention relates to a crucSile made of car- 
bon fiber reinforced carbon composite material and to a 
method of producing a single crystal pulling crucible of 
cart)on fiber reinforced cartx}n composite material by fil- 
ament windings. 

Background Art 

[0002] The present invention relates to a single crystal 
pulling crucible applied to an apparatus for pulling sem- 
iconductor single crystals by the Czochralski process 
(the CZ process) and to a producing metfKxJ thereof. 
[0003] For producing single crystals of silicon by the 
CZ process, a quartz crucible for silicon to be fused in 
the inside thereof and a caitx)n crucible for receiving the 
quartz crucble therein and si^iponing the same from 
outside have been used hitherto. 
[0004] In use, the quartz crucible is subjected to the 
heat of fused silicon to be softened and thus is put into 
the state of its outside surface being closely contacting 
with the inner surfece of ttie cartxxi crucit)le. If the 
quartz crucible is cooled in this state, a large stress will 
be generated in the cartxxi crucble having a larger 
coefficient of thermal expansion than the quartz cruci- 
ble. 

[0005] Proposals have been made tfiat a single crystal 
pulling crucible be made of cartxxi fiber reinforced car- 
bon composite material or C/C composite material hav- 
ing a mechanical strength to withstand ttie sti-ess and a 
coefficient of thermal expansion relatively dose to that 
of the quartz crucible, and to easily correspond with 
irx;rease of size. 

[0006] Japanese Utility Model Publication No Hei 3 
(1991)-432S0 proposed that the crucible comprising a 
drum portion and a bottom portion t>e made of the C/C 
composite material at the drum portion only or over the 
entirety thereof. It also proposed that the filament wind- 
ings be used as the producing method to mold the cru- 
cible by cartxxi fbers impregnated with matix 
precursor is t>eing helically wound on a crucible-like 
mandrel. 

[0007] However, it is liard to wind the carbon fbers 
helically on the bottom portion having a curved form like 
a bowl, without any slip caused. This results in the insuf- 
ficient winding of the txrttom portion, and as such could 
not allow the txrttom portion to have a sufficient 
sti-ength. 

[0008] Experiments show tfiat the stress is most con- 
centrated on an area extending from the drum portion to 
the bottom portion, and in the light of the cfifficutties in 



making the entire crucible by using the C/C composite 
material by the filament windings, the nxxlif ication was 
proposed ti^t only a boundary portion between the 
drum portion and the bottom portion be made of the C/C 
composite material. However, this modified metfiod also 
uses the filament wincfings of cartx)n fibers impregnated 
with matrix precursors being wound on a crucit3le-like 
mandrel by using a parallel winding or a helical winding, 
in molcting the crucible. Altfiough it is easier to produce 
only the boundary portion between the drum portion 
and the bottom portion by using the C/C composite 
material than to produce the entirety of the drum portion 
and the bottom portion by using the C/C conposite 
material, since the boundary portion between the drum 
portion and the bottom portion also has a curved part, it 
was still fiard to effect the parallel wirvling or the helica) 
winding at such a curved part, without any slip caused. 
As a result of this, tiiose conventional methods have not 
succeeded in proposing the single crystal pulling cruci- 
bles of the C/C composite material having a sufficient 
strengtii not only at the drum portion but also at the bot- 
tom portion. 

[0009] Also, the crucWe-like mandrel used in the fila- 
ment windings has the form of a shaft being extended 
through tx>tti erxis of the bottom portion and the drum 
portion at the center thereof. Because of this, even 
when the entirety of the dnim portion and bottom por- 
tion is produced by using the C/C composite material, 
the hole will inevrtatily remain at the center of the bottom 
portion, thus requiring to plug that part with anottier C/C 
composite material. 

[001 0] In addition, since the C/C composite material is 
more porous tfian graptiite, there presented a problem 
of the C/C composite material tending to react with sili- 
con to form SIC readily. 

^1 1 ] In order to solve these problems involved in tiie 
prior art the invention fias been made. It is the primer 
object of tiie invention to provide a single crystal pulling 
crucible of the C/C composite material wherein not only 
the cylindrical drum portion but also the bowl-like bot- 
tom portion are reinforced by the filament windings. 
[001 2] It is ttie second object of the invention to pro- 
vide a single crystal pulling aucitile of tfie C/C compos- 
ite material which is reinforced as a whole, with a part 
not fully covered by the filament windings t>eing supple- 
mented by using cartx>n f ber sheets. 
[001 3] It is the third object of the invention to provide 
a single crystal pulling crucible of the C/C composite 
material wherein the bowl-like txittom portion has no 
hole and the entire tx)ttom portion is reinforced. 
[001 4] It is the forth object of the invention to provide 
a single crystal pulling crucible of ttie C/C composite 
material wherein a surface property of the C/C compos- 
ite material is so improved as to be resistant to forming 
SiC. 

[001 5] It is the f iftti object of ttie invention to provide 
the mettiod for easily and reliably produdng a single 
crystal pulling crucible of the C/C composite material 
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wherein no hole is provided and not only the cylindrical 
drum p(Mlion but also the bowl-like bottom portion are 
reinforced by the filament windings. 
[001 6] It is the sixth abject of the invention to provide 
the method for effectively producing a single crystal pull- s 
ing auctble of the C/C composite material wherein a 
hole is provided and not only the cylindrical drum por- 
tion but also the bowl-like bottom portion are reinforced 
by the filanrtent windings. 

10 

Disclosure of the Invention 

[001 7] The filament windings irxdude combination of 
axiaDy reinforced layers and drcumferentially reinforced 
layers, which combination is given in two or more sets, is 
The dcumferentially reinforced layers resist a force 
tending to exparvj a drum portion of the crucible, and 
the axially reinforced layers resist a force tending to 
push down a bottom portion of the crucible. The a»ally 
reinforced layers extending from the bottom portion to 20 
the drum portion can be formed by at least either of a 
level winding of a contact angle of 0" to 10 " with respect 
to tfie center axis and a porai wirvjing, arxl the drcum- 
ferentially reinforced layers in an area adjacent to the 
drum portion out of the bottom portion arvl the drum 25 
portion can be formed by at least either of a parallel 
winding of a contact angle of 70 ° to 90 ' with respect to 
the center axis and a belief winding. When the axially 
r einforced layers cover the center of the botto m portion, 
an integral crixable of C/C composite materia l having no 30 
hole is provide d- When the surtace of the C/C compos- 
ite matenai is impregnated and covered with a pyrolytic 
carbon , improved resistance to forming^C is provided. 
Also, when a cartx>n f toercloth is laminated as an inner- 
most layer of the crudble when required, improved con- as 
tactability of the crucible with the quartz crud tjie is 
provide d. ' 
[0018] The reinforced layers formed by the wirxlings 
laying over the bottom portion arxJ extending therefrom 
to the drum portion provides increased density at the 40 
center of the bottom portion but decreases in density in 
the drum portion. The reinforced layers wound on the 
drum portion circumferentially change the drum portion 
from sparsity to density, yet a part of the tx>ttom portion 
adjacent to the drum portion remains sparsa TTien, in 45 
place of or in addition to extended drcumferential wind- 
ing to ttiat at^acent part, a plurality of cartx»i fber 
sheets are laminated on that adjacent part in a ring-like 
form. TTiis can provide drcumferential strength tor the 
adjacent part and also can provide uniform thickness of so 
the whole. The cartx}n fiber sheets are covered with the 
reinforced layer formed t>y the winding laying over the 
bottom portion and extending therefrom to the drum 
portion. 

[0019] When a mandrel having a _shaft projecting to ss 
the o pposite side to the protruding portion ot the cruci - 
ble-tike mandrel is used, an one-piP ^ m^iftari prpmhpr 
of the crucible of the C/C composite nwterial having no 



hole in the bottom portion ca n b e produced^ 
[0020] When a pair of crucflb<e-like mandrels whic h are 
formed in one-piece t> y their sides opposite to the pro - 
t ruding portions being butted with each other arxi have 
a shaft projecting toward the protruding portion is used , 
t wo molded members of the crudble of the C/C com - 
posite material can be produced simultaneously, indud- 
in p an one-piece molded member of the crudble of the 
C/C composite material having a hole in the bottom por- 
tion. 

Brief Description of the Drawings 
[0021] 

FIG. 1 is a side elevation view of a ntarvlrel for pro- 
dudng a nrokJed member of a crucible: FIG. 2 illus- 
tiBtes the molding processes to produce ttie 
molded nrrember of a crucible; FIG. 3 is a f tow chart 
showing the processes to produce the end product 
of the crucible made of the C/C conrposite material : 
FIG. 4 is a sectional view of the end produd of tiie 
crudble made of the C/C corrposite material: FIG. 
5 is a sectional view sfiowing the state of the crud- 
ble df the C/C composite material witfistarxling the 
stresses; FIG. 6 is a side elevation view of a man- 
drel for produdng a molded members of two crud- 
bles; FIG. 7 illustrates the molding processes to 
produce the molded merTt)ers of tiie two crudbles: 
FIG. 8 is a sectional view of the end produd of the 
crucible made of the C/C composite material: and 
FIG. 9 (a) and FIG. 9(b) are views showing the posi- 
tions of the mandrel arxJ others for produdng the 
molded members of the two crudt>les. 

Best Mode For Carrying out the Invention 

[0022] A mandrel 11 shown in FIG. 1 1S made of metal, 
comprising a cylindrical portion 12, a protruding portion 
13 protrudng from one end of the cylindrical portion 12, 
and a shaft 1 4 projecting from the other end of the cylin- 
drical portion 12 at the center thereof. The cylindrical 
portion 12 has an outer diameter sutistantially equal to 
an inner diameter of a drum portion of a crudt)le and 
slightiy longer than the drum portion of the crucible. Tlie 
prob^uding portion 13 has a curved outer periphery 
extending atong a curved form of the inside of ttie crud- 
ble at the bottom portion thereof. When the mandrel 1 1 
is supported by the shaft 14 capable of a controlled rota- 
tion and a delivery eye 15 for feeding a cartxxi fiber 
impregnated witti a mati-ix precursor ttirough it is moved 
along the outer periphery of the marKlrel 1 1 , as illus- 
trated, the filament windings induding a poral winding, a 
parallel winding and a level winding can be freely per- 
formed. The carbon fitters wourxl on the side surface of 
the cylindrical portion 1 2 at the other end will then be a 
dead tum. Since the cartx}n fibers may slip on a drcum- 
ferential portfon of the cylindrical portion at tfie other 
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end side, a pin may be placed to stop disptacement of 
the cartxjn fibers. 

[0023] Now, with reference to FIG. 2, the processes to 
produce the molded member by use of the mandrel of 
FIG. 1 will be described. A first layer of a 2D doth 21 s 
impregnated with a rrvatrix precursor such as resin _is 
laminated on the nrandrel 1 1 in such a ma nner that pa t- 
tern of the W6ave"can imersea a center ajos 16 (Pro c- 
ess {})). I nis }£V aom ts u sed as an innermost layer 
to provide an inner tat surface. " 
[D0S4] Then, cartxm fibers inrpregnated with a matrix 
precursor such as resin are wound around the mandrel 
1 1 by the filament windings. 

[0025] Rrst. the poral winding 22 of the winding patfis 
passing through the apex 17 of the protruding portion 
13 is performed (Process 0), The poral winding 22 is 
the winding way of the winding path being formed at a 
contact angle of 0** with respect to the center axis 16 so 
as to be densely converged on the apex 1 7. The inner- 
most layer of the 2D doth 21 is tightened by this poral 
winding 22. 

[0026] Then, the parallel winding 23 is performed of 
the winding extencGng along the drcumferential direc- 
tion of the cylindrical portion 12 (Process ® ). The par- 
allel winding 23 is the winding way of the winding path 
being formed at a contact angle of approximately 90° 
wfith respect to the center axis 16. A drcumferentially 
reinforced layer around the drum portion of the crucible 
is formed by the parallel winding. 
[0027] Then, a pturaDty of ID pre-preg sheets or 2D 
cfoth sheets 25 impregnated with a matrix precursor 
such as resin are laminated on an adjacent part of the 
protruding portion 13 to the cylindrical portion 12 in a 
ring-like form (Process @). The adjacent part corre- 
sponds to a cun/ed part of the crucible at ttie bottom 
having a small radius of curvature, on which the sheets 
are laminated for adjustment of thickness. It is prefera- 
ble that the cartoon f bers of the sheets 25 being aligned 
parallel to each other should be oriented to the drcum- 
ferential direction of the mandrel. 
[0028] Then, the level winding 26 is performed of the 
winding laying over the protruding portion 13 and 
exterxling therefrom to the cylindrical portion 12 (Proc- 
ess (5)). ITie level winding 26 is the winding way of the 
winding path being formedat a contact angle of 0" to 1 0 
" with respect to the center axis 16. An axially reinforced 
layer around a part of the crucible extending from the 
bottom portion to the drum portion is formed by the level 
winding. At that time, in order to prevent the level wind- 
ing 26 in the protrucfing portion 13 from converging on 
the apex 17, the wincfing is performed with varied dis- 
tances from the apex 17 so that the cartx>n fibers can 
pass through and spread over the entire cun^ed portion 
of the protruding portion 1 3 fiaving a large radius of cur- 
vature. 

[0029] The combined layer substantially uniform in 
thickness is formed around the mandrel 1 1 tiy combina- 
tion of the parallel winding (Process ®), the lamination 



of the sheets (Process @) and the level winding (Proc- 
ess descrit>ed above. A plurality of combined layers 
fonmed in the processes ® -<S> are laminated until the 
nx)lded member around the mandrel 1 1 comes to have 
a predetermined thickness. 

[0030] With reference to FIG. 3, the processes follow- 
ing to the above-described molding process (Si) unll 
now be described. TTie mandreJ around wtiich the 
molded member is wound is dried as it is. While an 
external pressure is applied to the molded member 
around the mandrel, the molded member is heated to 
thermoset the resin of the matrix precursor fS2>. TTien. 
the nrclded member is cut along the line A i n_FIG. 2 to 
obt ain a primary molded member of a crudble form . 
[0031 ] The crucble-like primary molded member ttujs 
ob tained te heated under an inert gas to be subjected to 
a tgwimary^rbonization process (S3). Further, a pitch 
irrpregnation process (84) and a seoorxJarv cartwniza- 
tion (S4) are repeat ed a requir ed number of times to 
densrfy the pnmary mo lde d member by inpregnatfon. 
When obtaining a requifed'iB gTSrty, tne primary mold«l 
memberls subjected to a graphttization process (S6 ). 
Then, the resulting primary nx)lded member is sut>- 
jected to a required machining process (S7) for the 
length of the crucible and tfie outer periphery of the bot- 
tom portion of the cructttle, to obtain a secondary 
molded member formed into a specified form. 
[0032] Further, the secondary molded member thus 
farmed is subjected to a high-purifying process to elimi- 
nate impurity therefrom and, when required, fine hol^ 
in the surface of the secondary molded member are 
i mpregnated with pyrolytic cartxm and thus the sujface 
of the secondary molded menfcer is covered with pyrp - 
t ytic cartx)n by CVI (Chemic^ Vapor Impregnation) 
(i S8), to obtain the end product (S9) . 
[0033] The sectional view of the single crystal pulling 
crucible thus obtained is shown in FIG. 4. The crucible 1 
has an integral structure in which the cylindrical drum 
porticKi 2 is integral with tfie bowl-like bottom portion 3. 
The bottom portion 3 comprises a first curved portion 4 
atjQacent to the drum portion 2 and having a small radius 
of curvature (R1) and a second curved portion 5 having 
a large radius of curvature (R2) formed around the 
center axis 7 of the bottom portion 3. The bottom por- 
tion 3 has no hole but has a nrounting seat 6 formed by 
macfvning. This crucible has an axially reinforced layer 
8 extencBng in U-like form from the bottom portion 3 to 
the drum portion 2 and a drcumferentially reinforced 
layer 9 extending around the drum portion 2. 
[0034] The single crystal pulling crudt)le 1 being acted 
upon by a stress is shown in FIG. 5. When the crudble 
1 in which a quartz crucible 31 is fit is cooled, with a 
small annount of silicon residue 32 remaining in the 
quartz crucible 31, the crucible 1 is acted upon by a 
large stress. The silicon residue 32 solidifies at its sur- 
face first and then at its part contacting wrtti the bottom 
portion, and ttie solidification gradually proceeds to the 
interior. Since the crudUe 1 has a larger coeffident of 



15 



20 



25 



30 



35 



40 



45 



50 



7 



EP 0 913 504 A1 



8 



thermal expansbn than the quartz cnjc93le 31 arxl the 
silicon expands when solidified, a circurnferentially 
thrusting force a1 is generated arxJ then a downward 
thrusting force a2 is generated. In other words, in the 
drum portion 2, an axial stress b2 which tends to peel s 
off the bottom portion 3 from the drum portion 2 is gen- 
erated, in addition to a drcumfererrtial tensile stress b1 . 
The circumferential tensile stress b1 is resisted by tiie 
drcumferenttally reinforced layer 9 of FIG. 4, and tiie 
axially stress b2 is resisted by tiie axialty reinforced w 
layer 8 of FIG. 4. 

[0035] FIG. 6 shows a two-shot mandrel 111. The 
mandrel 1 1 1 is made of melal, comprising a right-side 
cylindrical portion 1 12R. a right-side protruding portion 
11 3R protruding from one end of the right-side cylirKiri- is 
cal portion 1 12R, a left-side cylindrical portion 1 121., a 
left-side protruding portion 113L protruding from one 
end of ttie left-side cylindrical portion 112L. a right-side 
shaft 1 14R projecting from the right-side protruding por- 
tion 11 3R at the center thereof, and a left-side shaft 20 
114L projecting from ttie left-side profauding portion 
1 1 3L at ttie center thereof. 

[0036] The left-side arxJ rigfit-side cylindrical portions 
1 12L, 112R each have an outer diameter sutjstantially 
equal to an inner diameter of a drum portion of a cruci- 25 
ble and slightly longer than twice as long as the drum 
portion of the crucSjIe. The left-side and right-side pro- 
truding portions 1 13L, 1 13R each have a curved outer 
periphery extending along a curved form of the inside of 
the crucible at the txttom portion thereof. The mandrel 30 
1 1 1 is supported by the left-side and right-side shafts 
1 1 4U 1 14R capat>le of a controlled rotation, and a deliv- 
ery eye 1 15 for feeding a cartxm fiber impregnated with 
a matrix precursor tfirough it is moved along the outer 
periphery of the marxf rel 11 1 , as illustrated. 35 
[0037] FIG. 7 shows the processes to produce the 
molded merrbe r by use of the two-shot mandrel 1 11 . A 
fjrg layer of a 2D doth 121 impregnated with a matrix 
precursor such as resin is laminated on the marxirel 111 
i rvsuch a manner that pattern of the weave can intersect 40 
a cento' axis 116 (Process 

[OGSSflhen, the level winding 122 is performed of ttie 
wincBng laying over the left-side and right-side protrud- 
ing portions 113I-, 1 13R and extending therefrom to the 
left-side and right-side cylindrical portions 112L. 1 12R 4S 
(Process 0). TTie level wirxling 122 is the winding way 
of the winding path being formed at a contact angle of 0 
^ to 10 ^ with respect to the center axis 1 16. An axially 
reinforced layer around a part of ttie cmabUe extending 
from the bottom portion to the drum portion is formed by so 
the level winding. At ttiat time, the winding is performed 
in such a manner as to allow the level virinding 1 22 in the 
left-side and rigtit-side prob^ing portions 113L, 113R 
to diverge around the left-side and right-side shafts 
1 1 4L. 1 14R. so ttiat ttie carbon fibers can pass ttirough ss 
the entirety of the left-side and right-side protruding por- 
tions 11 3L. 113R. 

[0039] Then, the parallel winding 123 is performed of 



ttie winding extending along ttie drcumferential direc- 
tion of the left-side and right-side cylindrical portions 
112U 112R (Process ®). The parallel winding 123 is 
ttie winding way of thewinding patti being formed at a 
contact angle of approximately 90" wrth respect to ttie 
center axis 11 6. A drcumferentially reinforced layer 
around the drum portion of ttie crucible is formed by ttie 
parallel winding. 

[0040] Then, a plurality of 1 D pre-preg sheets or 2D 
dotti sheets 125 impregnated wrth matrix precursor 
such as resin are laminated on parts of the left-side and 
right-side proti^uding portions 113L^ 113R adjacent to 
the left-side and right-side cylindrical portion 
112L,112R in a ring-like form (Process @). The adja- 
cent parts correspond to curved parts of the crucft>le at 
ttie bottom portions having a small radius of curvature, 
on which the sheets are laminated for ac^ustment of 
thickness, ft is preferable that the cartxvi fB^ers of the 
sheets 125 being aligned parallel to each other should 
be oriented to the drcumferential direction of the man- 
drel. 

[0041] The combined layer sut>stantia[ly uniform in 
thickness is formed around the mandrel 1 11 by combi- 
nation of the level winding (Process (S)), the parallel 
winding (Process ®) and the lamination of the sheets 
(Process @) descrft>ed above. A pluralfty of combined 
layers formed in the processes ® - ® are laminated 
until the molded memt>er around the mandrel 111 
comes to tiave a predetermined thickness. 
[0042] A sectional view of the crucible thus formed is 
shomi in FIG. 8. The crucible 101 has an integral struc- 
ture in which a cylindrical drum portion 102 is integral 
wrth a bowt-like boftom portion 103, as is the case wrth 
ttie FIG. 4 emtxxjiment. At the center of the txsttom por- 
tion 103. a holej 07 is provided for allowing the left-sMe 
and ri ght-side shafts 1 1_4L 1 14R of ttie mandrel 11 1 to 
passJuxjughrtJQie^ 107 is plugged by insertion of 
a plug 110. Modification may be made such t tiat ttie 
plug 1 lO^can be threadingly engaged with ttie hole 1 07 
by forming a fomale ttiread in a hole defining surface of 
the hole and forming a male thread in a skJe surface of 
the plug contacting with the hole defining surface. Alter- 
natively, ttie hole defining surface of ttie hole 107 and 
ttie cooperative side surface of ttie plug may be taper or 
parallel so ttiat the hole and the plug can be engaged 
wrth each other. Thus, the axially reinforced layer 108 
extends in U-like form, skirting afong the hole 107. A dr- 
cumferentially reinforced layer 109 is so arranged as to 
extend along the outer periphery of the drum portion 
102. as is ttie case with the FIG. 4 embodiment. 
Afthough the stress acting on ttie bottom portion 103. 
particularly on a part around the hole 107 becomes 
larger, as compared wrth the crudt)le having no hole of 
FIG. 4. ttie presence of the shaft of the mandrel 111 
enatrfes the two-shot mandrel or the effective windi ng. ^ 
[0043] To produce two crudbles each having no hole 
simurtaneously, two mandrels 1 1 as shown in FIG. 1 
may be conneded with each ottier in tulateral symmet- 
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tic relation through a drive unit 20. as shown in FIG. 9(a) 
and FIG. 9Cb). 

[0044] In FIG. 9(a} and FIG. 9(b). the drive unit 20 has 
rotation axes 14a, 14b projecting laterally in the oppo- 
site directions. The two nnandrels 11 are supported by s 
the rotation axes 14a, 14b. 

[0045] In FIG. 9(a), two delivery eyes 15 each for feed- 
ing a cartxxi fiber inrpregnated with matrix precursor 
tfvough them are disposed in point symmetric relation 
via the drive unit 20. When each of the delivery eyes 1 5 io 
is moved along the outer periphery of each mandrel 1 1 . 
the filament windings including the poral winding, the 
parallel wirxling and the level winding can be freely per- 
formed. 

[0046] In FIG. 9(b), two delivery eyes 15 for feeding is 
caibon fbers impregnated with matrix precursors 
through them are disposed in line symmetric relation via 
the drive unit 20. When each of the delivery eyes 15 is 
moved atong the outer periphery of each mandrel 11. 
the filament windings including the poral winding, the 20 
parallel winding and the level winding can be freely per- 
formed. 

[0047] Further, examples will be described belcw. 

(Example 1) 25 

[0048] The mandrel of FIG. 1 was used in this Exam- 
ple, and a layer of a plai n weave doth of TOREKA T-300 
6K (available from TORAY INDUSTRIES, INC.) impreg- 
nated with phenol resin w as laminated on the mandrel. 30 
betore the application of the filament wirxjings thereon. 
In the filament windings, with six filaments of TOREKA 
T-300 12K (available from TORAY INDUSTRIES. INC.) 
being impregnated with phenol resin, the level winding 
and the parallel wirxJing of a contact angle of 85^ to 90 3S 
" with respect to the center axis were alternately wound 
three layers each. While the drum portion is allowed to 
have six layers of the alternate parallel and level wirxi- 
ings. the bottom portion is allowed to have the layers of 
the level windings only For this reason, after the appli- 40 
cation of the parallel windings, segments into which the 
ID pre-preg was cut were laminated on a part of the 
txjttom portion acfjacent to the drum portion one by one 
in a ring-like form. Thus, the molded member having a 
thickness of layer of 7 mm was obtained. 45 
[0049] Sequentially, the volatile matter of the obtained 
mokJed member was adjusted In an oven at 1 00 ''C and, 
thereafter, with the molded member covered with a vac- 
uum pack to draw a vacuum, the nx>lded member was 
thermoset by inaeasing the temperature of the oven up so 
to 200 'C. After having been thernx>set. the nx>kled 
member was removed from tfie mandrel to obtain a cru- 
cible-like molded member. 

[0050] Then, a deformation preventing jig made of 
graphite was attached to the molded member so that ss 
roundness of the drum portion oouU be kept and, there- 
after, the moUed member was increased in temperature 
up to 1.000*'C at the rate of rise of temperature of 10 



*C/hr. in an electric oven, with nitrogen injected in thee- 
lectric oven, to obtain the C/C composite material. 
[0051] Also^ pitch impregnation and baking were 
repeated four times to density the C/C composite mate- 
rial. Further, as a final heat-treatment, the mokJed mem- 
ber was heat-treated at 2,000 "C in a stiream of niti-ogen, 
with the deformatnn preventing graphite jig attached 
thereto. Thereafter, the bottom portion of the crucible 
was machined. Further, for the purpose of high purifica- 
tion, after having been set in a vacuum furnace arvl 
heated up t o 2,000 "C, the crucible was altowed to keep 
for 20 hours under ttte pressure inside the vacuum fur- 
nace of 10 torr in the vacuum furnace in which chlorine 
gas was siipplied. Further, for the purpose of the C/C 
composite material being inrpregnated and coated with 
pyrolytic cartx>n, the crucible was set in the vacuum fur- 
nace arxj was alkywed to keep tor 100 hours urxier the 
pressure inside the vacuum furnace of 25 ton* in the 
vacuum furnace in which methane gas was supplied, 
and then the densifying treatment of the C/C composite 
material was performed by using the pyrolytic cartxyi in 
the CVI process to thereby produce the end product. It 
was found ttiat tfie CVI process increased the txjik den- 
sity of the C/C composite material from 1 .6 to 1 .7 and 
decreased the porosity from 20% to 14.5%. 
[0052] In operation, the cructtile made of the C/C com- 
posite material thus obtained was applied to the single 
crystal pulling apparatus. It was confirmed that while 
cracks developed in the bottom portion of the quartz 
crucble thrown away every time it was used once, the 
crucSDie made of ttie C/C conposite material had 
strength both at the drum portion and at the bottom por- 
tion. It was also fourxj that in the inner surface of ttie 
crucible of the C/C conposite material as well, the reac- 
tion of the C/C composite material witti SiOz was inhit>- 
tted by the pyrolytic cartxxi, arxj in 30 operations, some 
wear was merely found in a part of the bottom portion 
adjacent to the drum portion. 

(Example 2) 

[0053] Except the use of the mandrel like Ifiat of FIG. 
7 and the presence of the hole in the bottom portion of 
the crucible, this Exanple is all ttie same as Exanrple 1 . 
[0054] The results of good handling properties of light 
weight and rigidity and of inhibition of reaction of the 
C/C composite material with SiOa were provided, as are 
the same as in Example 1. However, in the same 30 
operations as in Example 1 , incfication of development 
of a crack was found around the hole in the bottom por- 
tion. 

(Comparative Example 1) 

[0055] The mokling in the crucible form was per- 
formed by using the mandrel shown in FIG. 7 and sim- 
ply using tiie combination of the helical winding arid the 
parallel winding. The result was tiiat in the helical wind- 



30 



3S 



40 



45 



SO 



6 



11 

ing. carbon fiber yarns were moved out of position, so 
that ttiey could not be wound so dose to ttie rotation 
axis as in Exainple 2. As a resuft. the crucible having a 
larger bottom hole than that of the Example was pro- 
duced. The paialle) winding was alternated with the hel- 
ical wirxitng and was performed in the same manner as 
the Exarrples 1 and 2. Also, the CVI was also per- 
formed in the same manner and it was found tfiat similar 
increase of density was provided. 
[0056] However, in actual operations, because of 
large bottom hole of the molded crucible, the quartz cai- 
dble softened was deformed in ttie form of the plug 
plugged in the bottom hole t>eing pushed out in every 
operation, so that, after operations, the molded cmdble 
was found to t>e inclined itself in almost all operations. In 
the same 30 operations as in Examples 1 and 2, cracks 
were found to develop in the molded crucible, presuma- 
bly t>ecause the molded crucSile underwent a large 
stress caused by deformation of ttie quartz crudbie in 
every operation. 

Capabilities of Exploitation in Industry 

[0057] The present invention is suitable for a crucble 
applied to an apparatus for pulling single crystals of sili- 
con, gallium or their compound. 

Claln^ 

1. A single crystal pulling crucit>le comprising a cylin- 
drical drum portion and a bowl-like bottom portion 
and formed of cartx>n fitter reinforced cartx>n com- 
posite material, said single crystal pulling crucible 
comprising: 

a circumferentially reinforced layer formed by 
said cartxxi fbers b&ng paralleled arxJ being 
so wound along a drcunrferential direction of 
the crudtsle as to pass through said drum por- 
tion; and 

an axially reinforced layer formed liy said car- 
bon fitters being paralleled and being so wound 
along an axial direction of the crucible as to lay 
over said bottom portion and extend therefrom 
to said drum portion. 

2. A single crystal pulling crucit>le according to Claim 
1. vkrherein said axially reinforced layer is arranged 
laying over a center of said bottom portion and said 
bottom portion is integrally formed, having no hole. 

3. A single crystal pulling crucitDle according to Claim 
1. wherein said drcumferentially reinforced layer is 
formed by at least either of a parallel winding of a 
contact angle of 70' to 90 • with respect to a center 
axis of the crudble and a helical winding, and said 
axially reinforced layer is formed t>y at least either of 
a level winding of a contact angle of 0° to 10 • with 
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respect to said center axis and a poral winding. 

4. A single crystal pulling crudble according to Claim 
3. wherein two or more sets of combination of said 

s drcumferenttally reinforced layer and said axially 
reinforced layer are laminated. 

5. A single crystal pulling crudble according to Claim 
1, wherein an innermost layer in said drum portion 

10 and txittom portion is formed by lamination of a car- 
bon fber doth. 

6. A single crystal pulling crudble according to Claim 
1, wherein a surface of said cartoon fit)er reinforced 

15 cartxxi composite material is impregnated and cov- 
ered vnth pyrolytic caftx>n. 

7. A single crystal pulling crucible corr^xlsing a cylin- 
drical drum portion and a bmri-like bottom portion 

20 and formed of carbon fiber reinforced caitxHi com- 
posite material, wherein said single crystal pulling 
crucible has a multi-layer construction comprising a 
drcumterentially reinforced layer formed t>y said 
caitnn fbers being paralleled and wound; and an 
25 axially reinforced layer formed by said cartx>n fbers 
being paralleled and laid over said bottom portion, 
and wherein said bottom portion is integrally 
formed without any hole. 

30 8. A single crystal pulling crucble comprising a cylin- 
drical drum portion and a bcwi-like bottom portion 
and formed of cartx>n fit>er reinforced cart>on com- 
posite material, wherein said single crystal pulling 
crudble has a muHi-layer construction comprising a 

35 drcumferentially reinforced layer formed said 
cartxxi fbers toeing paralleled and wourxj; and an 
axially reinforced layer formed by said cartx}n fbers 
being paralleled and laid over said bottom portion, 
arxj wherein a surface of said cartx}n fit>er rein- 

40 forced cartx>n composite material is impregnated 
and covered with pyrolytic cartxxi. 

9. A single crystal pulling crucible comprising a cylin- 
drical drum portion and a bowl-like botbxn portion 
45 and formed of carbon fiber reinforced cartxxi com- 
posite material, said single crystal pulling crudtsle 
comprising: 

a first reinforced layer formed by said carbon 
50 fbers being paralleled and being so wound as 

to lay over said tx>ttom portion and exterxJ 
therefrom to said drum portion; 
a second reinforced layer formed by a plurality 
of sheets of said cartx)n f ifc>ers being laminated 
55 on a part of said bottom portion adjacent to 

said drum portion in a ring-like form; and 
a third reinforced layer formed by said cartxxi 
fbers being paralleled and wound along a dr- 
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cumferential direction of said drum portion. 

10. A single crystal pulling crucible according to Clatm 
9, wherein said first reinforced layer is arranged lay- 
ing over a center of said bottom portion and said s 
bottom portion is integrally formed without any hole. 

11. A single crystal pulling crucQ^le according to Claim 
9. wherein said first reinforced layer is formed by at 
least either of a level winding of a contact angle of io 
0° to 10 ° with respect to a center axis of the cruci- 
ble and a poral winding; said second reinforced 
layer is formed by lamination of at least either of an 

1 D sheet and a 2D sheet; and said third reinforced 
layer is formed by at least either of a parallel wind- is 
ing of a contact angle of 70 * to 90 * with respect to 
said center axis and a helical winding. 

1 2. A single crystal pulling crucible according to Claim 

1 1 , where'n two or more sets of combination of said so 
first secorvJ and third reinforced layers are lami- 
nated. 

13. A single crystal pulling crucible according to Gaim 

9, wherein an innermost layer in said drum portion 2S 
and bottom portion is formed by lamination of a car- 
txxi fber doth. 

14. A single crystal pulling crucit}le according to Claim 

9, wherein a surface of said cartx)n fiber reinforced 30 
cartxxi composite material is impregnated and cov- 
ered with pyrolytic carton. 

15. A single crystal pulling crucible comprising a cylin- 
drical drum portion and a bowl-like bottom portion as 
and formed of cart»n fiber reinforced cartxxi com- 
posite material, wtierein said single crystal FHJllir>g 
cnidbie has a multi-layer construction comprising a 
first reinforced layer formed by said cartxxi ftoers 
being paralleled and laid over said bottom portion ; a 40 
second reinforced layer formed by cartxxi fber 
sheets being laminated on a part of said bottom 
portion adjacent to said drum portion in a ring-like 
form; and a third reinforced layer formed by said 
cartxxi fit>ers being paralleled and wound along a 45 
circumferential drection of said drum portion and 
wherein said bottom portion is integrally formed 
without any hole. 

16. A single crystal pulling crucible comprising a cylin- so 
drical drum portion and a tx>wl-like bottom portion 
and formed of cartx}n fitter reinftxced cartxxi conv 
posite material, wherein said single crystal pulling 
crucible has a multi-layer construction conprising a 
first reinforced layer formed by said cartxxi fibers ss 
b&ng paralleled and laid over said bottom portion; a 
second reinforced layer formed by cartxin fber 
sheets being laminated on a part of said txrttom 



portion adjacent to said drum portion in a ring-like 
form; and a third reinforced layer formed by said 
cartxjn f S>ers being paralleled and womd along a 
circumferential direction of said drum portion and 
wherein a surface of said cartxxi fit>er reinforced 
carbon corrposite material is impre^iated and cov- 
ered with pyrolytic cartxin. 

17. A method of producing a single crystal pulling cru- 
cible comprising a cylindrical drum portion and a 
bowl-like bottom portion and formed of csabon fiber 
reinforced cartx}n composite material, said mettxxj 
comprising the steps of: 

using a mandrel having a cylindrical portion 
having an outer diameter sut>stantially equal to 
an inner diameter of said drun portion and a 
length larger tfian said drum portion; a protrud- 
ing portion, located at one end of said cylindri- 
cal portion, for said bottom portion to fit therein; 
and a shaft projecting from tfie other end of 
said cylindrical portion at a center thereof, to 
produce a first molded member by the wirtiings 
indutfing a level winding of cartx}n fibers 
impregnated with matrix precursor being 
obliquely wxjnd from the protruding portion to 
the other end of said cylindrical portion and a 
parallel winding of said cartx>n fibers impreg- 
nated with matrix precursor being wound in a 
circumferential direction of said cylindrical por- 
tion; and 

cutting said cylindrical portion of said first 
molded member at the other end side to pro- 
duce a second crucflble-like molded member 

18. A single crystal pulling crucit)le comprising a cylin- 
cbrical drum portion aixj a bowl-like bottom portion 
and formed of cart>on fber reinforced cartx>n com- 
posite material, wherein cartxxi fbers of said car- 
bon fber reinforced cartx>n composite material are 
arranged including the winding by conrbination of a 
level winding of said cartx>n fbers t>eing obliquely 
extended from said bottom portion to said drum 
portion and wound with varied distances from an 
apex of said bottom portion so ttiat they can pass 
through the entire txwi-like txsttom portion without 
being converged on said apex and a parallel wind- 
ing of said cartxxi fbers being wound in a circum- 
ferential direction of said drum portion and wherein 
said bottom portion is formed without any hole. 

19. A method of producing a single crystal pulling cru- 
cit>le corrprising a cylindrical drum portion and a 
bowl-like tx>ttom portion and formed of cartx}n f it>er 
reinforced cartKtn composite material, said method 
comprising the steps of: 

using a mandrel having a cylindrical portion 



8 



15 



EP 0 913 504 A1 



having an outer diameter substantially equal to 
an inner diameter of said drum portion and a 
length larger than twice as long as the drum 
portion; protruding portions, located at both 
ends of said cylindrical portion, for said bottom 5 
portion to fit therein; and a shaft projecting from 
a center of at least one of said protruding por- 
tions, to produce a first molded member by the 
windings including a level winding of cartxxi f b- 
ers impregnated with matrix precursor being w 
wound so obliquely as to be engaged with said 
protruding portions at said both ends and a 
parallel winding of said cartxHi fibers impreg- 
nated with matrix precursor being wound in a 
circumferential direction of said cylindrical por- 15 
tion; and 

cutting said first molded member at a center of 
said cylindrical portion to produce two number 
of secorxi molded members having in said bot- 
tom portion a hole for allowing said shaft to 20 
pass through it 

20. A single crystal pulling crucible comprising a cylin- 
drical drum portion and a bowl-like bottom portion 
and formed of cartwn fiber reinforced cartxxi com- 25 
posite material, wherein caftx>n fibers of said car- 
bon fiber reinforced cartxxi conposite material are 
arranged including the wiixjing by combination of a 
level winding of said cartxxi fbers being obliquely 
extended from said bottom portion to said drum 30 
portion, skirting along a hole in said txittom portion 
and a parallel windng of said cartx>n fbers being 
wound in a circumferential directkxi of said drum 
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uj^^9^thti^t,zc I PM^m^^ht-x\immmy 

[0021] dO,z}V^yir^\,z^mtc/cmz-)\,^x 
\t. mmz]^hm£:f.zMi.xy^'7:^yhv^y'T4 
y^m (FW^) , j\y}^u^Tyr:^-h<^u-y^ 

[0022] m^C/CI^CO:^- h ^ U-Xm^Xli. 
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;irxEt J: ^JaE-C*>S/cA^^i7)ffi:^ti i o k g/c m 
f^jn*qF^ST*>-&, X^tiiiX'fmt&^Ui 

^-rttiihm^. smm<r>mx'Mm^^^. mi 

[00231 :^m(^2mM^mm-t^^^^- v ^ 
u-y^x^ h y y i^xmfn^^^mL ( b;^t— x) 
m^izm. ^(Drntismiz^^itti^x^E. m 
it. mB^^r^^i. ^(Tytzib^mimhii^iz^ 

10 

[0 0 24] ncoifmizx-yxnhfihc/cmi. m. 
m^m^x'M. i^uziymb<^^tmti^tih, - 
mzmmcomm\r^W)^(M<rn^m^^<o t tm^x 
mc\ii,x Ltd cox\ mi.zmm\cim^j:mmm^h 

mzmhzti}^\n^^o 

[002 5] C/C*j£7)S1^^ta!5j^^nX. 7x;U 

X. y^ji-h. ^-y. mm) fc^flg^t'-x, mm 
i^^ximm^(^ 1 mj±t ^^i^a ^ t ^^irr 

[0026] mm^^-x, m^^^ximm^^co i 
[0 0 27] :icotim-^imt(^±:f>^m<m^ttx 

^^Ximmi^(7) 1 atLh^i^W^^ 1 1;: i o . ± 

[0 0 28] -^^©^5-1 5umcommmm 
cmtx-^tm-t^t. "^i^mmii^^wnsumf^znt 

40 ta^aT'ti9jumT'^mS*«l/3t3i^hT'^>t:, t 

^mcoiy(r>iAiO'-'i s%xh->fz, 
[0029] ^wm^m^A^^ < ^-^;^^Kr«M^ 

^<X^htiib. Si, S iO. S i O2 tco^JiMi)^ 

\^y^ximm^^L^-^^mm^x\ mm. 

tC^rSsO^H 1 P (Ho t Isotropic Pre 

50 [00 30] HI pij^cxcn^mm-^t-dtM 



5 

[ 0 0 3 1 ] H I Pti-xmT'lifr^co**$Jta*T'M^ 

c 0 0 3 2 3 :mmzn\-^x\tu i p^m^^l^i^ 
x\ H I Pi&m-m.^m. mmttti><^Thh. 

:i(^t^^^-ximmx'^mmttm^^:m 

■tSi^li=5:< . 4 5 0-5 5 OTIT'-t-^T'Siy-X^ 

[0034] im^nx'<Dm.<m^im^i 6 o ox: 

iais^o(2^S;g?gt txfuy7t:m-mmi^mm 
m-mmLx^ii^mm^w^izrifx s i . s i o. 
si02 tiomi^mm^i>zm^^^th:it^^i^-t 

[00 3 53 'e<^:tr&tLr2:fr^^^^s. ^coi 
:miim^^ji'yyr^coBm±if^;mmiz^mmi (p 

G) XtilBi^*^^ (PC) $rn-hi-^:^-C$)S, 
[00363 ::io:fir^t;:J;^. PG(ijSS2 0 o 0-2 2 

OOrX'^^-r^* POtiSi, SiO, Si02 ten 
mLX5--10i^t^j:t 

[0037] i^#tOPCa- hC0:^fc LTMIfi/W'yjK 
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tcsm-c^i*, ^c^mm.imM^^dztizxm 
[00383 iM^em^mm^xim^mmmcoa^ s 

(i. iarvlLS*«2jL(l^lTt^^.i: S i . S i O. S i O 
[0039] *^tiC/C WiT)-? h «/ S 

i. sio. Si02 ttoKJ6^fP;e.&Jt*^ic^imt: 

tmX'^j:<^hV :^m(^mW:kt^\ ^co^h 
'J yi?y^U<r)^mt^si^ sio. Si02 tco^ 

[ 0 0 4 0 3 -7 b 'J -y ^ :^m^mimmm(>z't^if 

24 0 ox:mTtc-r^ , iMl&ltttco^ltMM yr-x 
itunmxii 2 6 0 0 -ctiTt^i-r s , 

[004 13 

m^^t. ^imi^^B^\±imm(>zim^j::mjuy 

[00423 

m 1 3 y^^m(r>2mmm^^t^m^)i'V^^x\^m 

I p«. ^1^ffl9^c/C3y;Ki^''ybm:'fili£L/::t 

[^2 3 :*:||H|£0m^El;l^7:Ki0^'HB3OC/C3>'4^i^' 
4 C/C*r;P7;J<60l£gilM^ 
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[000 1] 

(c^u. mz. ^^9v}vx^m,z>^'o^mfm<r) 
"mi^^^xtmhwmz^^^xxmMmmwMt 

hh^U^^thfMzm^^hiihh^Uii^V^^<n 

m^-f^mzmth. 

[0002] 

\mkm:m 'm^^^mmmis\Lx\^h^wm<n 
Mm^^\t. ^m.hL^t-'ts^vjvT.^mzi.x'm. 
%fix\^h. ^<h-)^mz^h'mm^Bim.<n-'m 
-kmwzw^t. 

[0003] IIUc:^-rW^?l#±tf^Et::i^v^T. 

f-A-yvN'i srttcti. ^<n^>K^mzMmmm^m^h 

fz^<m^S\% }dimh-:>U\ 0«M$il^, M^B^I 
#±(ffl-& 0(3-1 oa. MM^-'RMil^tO^^^oa'l 0 
a t . ^n^3X»MM*^RI^^tOK^M'&ot5' 1 0 b 

t^hmi^fih. 5^i)0{3:i 0 aii, ^s^t^ota^i 
• obp^tc^-^^iirv^^. MB^B6l#±tfffli.ot3:i Oio 

Wi\Afim>mmz^w^fvc\^h. Ma^B^i^xtfffli. 

oa-l 0[^tm. m^fifi^Oigt^^b-^ 1 2tcj;0?§ 
S£-r^>Ii:tiJ:':>TM^$^i-&rfM?Sl 3>5»^iK^$ix 

^, ^^B^i^±tfmi.o{?i oc^4'^[:#±tc{±. n^-^ 

fflf 1 6:^^^^tt^n, -e^O^^tmSI^B^l 57^WW 
^ixh. ^tmtBmh-^UX Oti. ^i^JitWl 6 

t n-omz'o\ \x nn^ t fz\m:nnzmm' h^t 
<m:%hh-:>u-mm\i\r^^'o^^'^ixx\^h. mm 

<<ri:CJ:o. m^s^a i^fiJc:^$-t*-rv^<;t*^t'i= 

[ 0 0 0 4 ] XiiB L:C: J: 9 =5r^SCio U rj y^^o 

[000 5] n.^m % Bim.ii^^'r u , h-^m^^^ 
^^fLhtt. ^Vih->mz\t^t\^xhr>\j(r>ms 

^^z^m'^mMi^mith. z.ix\x. ^%Mi?mi<nh 
r>u^mmh-m.}L'^^xx.^±%ts:mmm^^ 
^h^t\zmmh. :L<T)my\t. ^\>zm.vih^u^ 

Bm(>z^m^r>i^<^m^zm^hmmm. r^t 
tiii- V 3 yii. {^mzx->xmit^tih t § t^zimi)^ 
wmti. zcr,wmi.zi=iF^x . mirzt-^immmmm 

h (o^mt-mwm^^z tc-ox^tz. 
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[0006] ^ni^immiff^cM-th^imfi^f} 

Z<r)1fmz^^X-\'^l,zm^^ixhl(0X'ii^j:t^^fz. 
[00 0 7] i?^^. ^mM^-:>Bt:jfP\thZtizX-o 

xmzmm}^.t^^tx^xi^^. mm^imm^u 

-:>immizx^m^zmiih, ^m^. ^^oa- 
^^^ix\^^6mti6-:>i^(o^miimmtix o 
t-th. ^co^.. ^wmizm^m^j:mM-m-t^. n 

mmt^^^, m^^^immmui. mm 

[0008] -If. mnmt ix. ^MtcoMWMi^ 
^com<^>^j:<trz^mco^^^mtm^mmt tx 
m^^rzmmm-i\:mmzx^h-:>Bm^ix. ^ 
<7)m^mu^obt^^i:>^^^tix^^^, 

[0 0 09] tztm. ^^¥9-2 6 34 82^^$g 

a. h':>mm^mm^^mmmfzimmim 
yxfuhmmmm^^fzmm^itmm^bi. 

mmmmitumnxm^ Ltzimx o ^^m^e^a^i ^ 
±(ffl^o{i'^^^-r^. wm\t. mwmitm 
^tc7)^om;i3v^T. mimmwm<^it'^u.mzx 
himmmthfzihiz. h-:>\mm'^}jmi<z^mm 

[00 10] tfz. «^9-286 6 8 9-^^^$g{±, 

mi)^tfz\tmmm9^x^m.L. m.im<^^<r)m 

mi^z. §o{TO;^^:^rf6]t3*^tT-4 5' mtfz^i 

t^^^.th. :i<^xo\>zh-:>\mwiU^mm^m 

M^o:^rfS]^^otTO7KWfSit3^^fC-4 5' lil±4- 

4 5* m(^^mttht-t'rz\th-:>\mm^^z^nm 

f^^'^htztxrym^mzuK^x . ^r>{mnmzm 
mum mzw^^m^Mm) m±Lx. mm 

[0011] :ifih<omm%mvcMmv{^m\^hmk 

m^^:mthi:i<r>xhh-ij . ^h^z-^^<^^m^h-^ 

fz. ^^rix<r)m^mj^z^^^xi,. y^y^yh^^y 
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T-f yi/mf>zx^6-?imm^mm-i^^. mmm 

ti^ y K l'}\^cri^'tm<r>1j\^ t fz ^i^tLiZjS: v -^-^mz^ 

i}^ti^. ^coxoi^zLx^ij'tifzmmmi^zX'ox^^t 
^fifzmmt. mmmi:^^^tfzii'?y }'Ufu<^^ 
'm^zinmm^j:if\^tfzii^rii.z^uif\^x^f)-tifz 

->x^^^. :itih^^micr>i>->iim^^xm^B3\^ 

mimmmM-tzti^zx^mmt^mmtm 
m^^xmrnt^^-t^^is^M^h-ofz. 

[00 12] 

^B^Bf im^BM tx mmcom.m^^j:< x m 
mm ^mm^mtmi^i':>ii'^m^i'6 n t xh 

[0013] 

mmkmmhfz^<^^m ^mmt. ^%mm. 
20 \\^m-^<ots:hh-ymzi6\^x . ^(Tymmmztm 
^iihmM.(^-n^^hr>u(nm-'n^t.fz\t^ti\iz 
i^\^iin)ithtK t.fz\xhr>u<nmmmz^mt 
9ux^^m:thz}L\izx^ . ^%m^<mmmm: 
^h$<L. ^<ntm(nm<mwm.^^^mmzx->x^ 
$ i.o(ti) zt\.zx^}m^fzx^ m\wkm^x% t 

[0014] i^m^^zXhmMVih-:>m±. ^.m^ixv 
^mz-m^^mt^hmm^^irtm^iB^\%}i 
wmmmmmmmnh-^Bxh-^x. 

mhmxmmMmz\t. hr>\m7^^-nmzn 
Lx- 1 5 ' 1.11+ 1 5* m^(r)nm:hhmmm 
xv^/tfz\xmm^^x:iy^tmmt txtimrix 

[0015] ^%mzximmh-:>mzi6\'^x . mm 
u<^mmmm'tmmmitmM^z\t. tr> 

u<ii-i 5' 1^0:4- 1 5' mmB.xhhmMm 
hxx^/tfz\tm%mm9xDx^mmt LxwM.-fh 
40 ctt^x^h. ttz^m^\.zt6\^x . mm<r)mm 
t^YWiU^t<m^mm-hmmmim.mmz\t. 

mLm^^xhtmmt^mmt txtrnth^t 
t-x^ h . 

[0016] ttz-^^m\<zi 0 , m^iixxj^^fi\.z-w 
-^^^z^tt^hmim-^^tmrnm^mmmm 
mmmmmr>\^^y ^ y^yv^^ y^r^y^m^ 
m^'^xmmh'nmt^m.^iih. :i<^m^\t. y^y 

50 mm.^j:t\^i^znLx. mnmmm-^^mmmi^^- 
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mmu<±B^'mmm.^j:umzni.x- 1 5- tit 

[0017] ^hf>z:$imMizx ^fmnxx/^tiiz-i^ 
^^^zmt^Bmm^^ttm^B^\^±immm 

y h 7 >f y^mzm^^^^y}^ i/;pco4^c^$tt(cM 

5' OT^/cii:4-4 5' l^Xtm^t^^ 6 X o mWii 

^^y\'uju±.i,zmmt:m. mimmi'^^j:i\ 
x\ mit^fitif^mi^^^'mi^zmmifi^irzi^Lx . 
mm^mi^t'^^mmit<~ 1 5- iiLh+ 1 5 - i^i 

m^xu:HXx//ttzimmmm^rix^mBi^±f^z 

[0018] 20 

[^H^ioms^o^B] :^^mizx^i-^imm^ii. 
<xcoxoiz^mt^zb-/}<x^h. m2^mmix. h 

-^\I2 0\.Zlo\^X. mm2 Iti. h->\120<7)±M^ 

t^. mmm^<^mmtcix\^hU'itxhh. 
2 2ti. mm2ii.z~m^ni^^znm. mm 2 1 
<n-^{zmmu^m<%<r>x'hh. ^22^0^® 

20fi, -mt34'C>#2 4tcoi.^T, [«IlE^li^i:-r'&^ 
tTJ^^T^'g.. 2|s:|gBJt;:J;i>-l>o{?2 0ti. iSM-r'g>ffl 30 
tCcfcoTi:W2 lfcJ:I/M2 2AitifiSc$tiS, 

[0019] [SI3 ti^f J: a tl, mglI2 1 
2ia{i, h^\i(r>n-?*--nmzi5\^x^mcr>^'^^^ 

2%J.:il±T'2-l 0%. j;0*f^U<ti5%l-Xi:T'5- 

1 o%t-th:iti?xthif. nizm^^fihi.<nx\t 
tSCi:7E)^T'^S, 40 

[00 20] [i4tc5j^-rj;ac. mm2i<nnmm 
2ib{i. ^-p{a'<:oJ?:;^^:^[^tcot^tM<:^i^^^t^ 

<r>m^^i.. fzbx.\fh-:>iJcoB^<D2%mL(:2~-lO 

^x. m^. mm^z)sstxmm^'thctifx^ 
[002 1] immz^\^x . -mmi^zit. iiinmrn 50 
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"itmwimt (omzmmti:h^mm.mfAifm. 
'^tthko^.zt^h. ii5(i. mmi.zii\^x'y'^j:<t 

h3^<7^mt}mihfihhr>U{r)-m^^sLX^^h. h 
':>iJ'2 0Ci3UT. EM^2 Ki. ^hm^2 1 a. ^ 
Wim2 1 bi5j;rX^ii*^^:M=Srl>m5tt04^M^2 1 

[0022] -mtc. «^«^^l:^S^tA^i^=5:l>-&-P 
[0023] (1) 7>f5;<Vh7-f yr>r 

\'VMzm^iX'mt^:h-:>\,mmzmBrfh. 

/ct ;ctf 1 0 0-3 0 0'C^Si0^t',M^^[:^^T 

t 1 0 0 ^'C(nimx^\t^'±h , ^<^man 

$ (btc 1 5 0 0*aXb<7)rmT«LTM^b 

^ct t(iV\nyy;^'X#H^4^r, 1 5 0 0-25 
0 0'C^£7)^^tli5V^TSDftU. ifiN&M^biini^SrM 

[0024] (2) MyKU-^f r-yT^ 

y <y:^yvvAyr<yra^tnmz^\t. 
m.\t. mmt^xv^mmmm^my.x^%mm 

[ 0 0 2 5 ] *M-C'(i. 7 0^yhV>f yr^y^ 
tfzUy^y;><yhv^yT^y^^tJ^y\^u^ 
T'yrmt<7)m-^^izx^. m^j:mm^^th6-:>i^ 
^m^ixi^K. 

[00 26] y ^ y^yhv^ yi-U yifmzx^^ 
mmmm-f^tix\-^<m'fm6f,z^.t. mc^-rj: 
otz. mwme2it. tr>immm^th^y\'\y 

yU6 l±tc^#tti^iiTt^<, iK^m^f^tifzmm 
IS6 2(3PIL, -eyHu;i^£?)4^<^W ([slM) 6 4t:M 

j^^ucv^j^, nmo^i::^< txmii'i^himm 
I. -If. n}M.e¥4-^^^^y^ y^ ^ yi^u. 
*^'^T L/^f^, i: ifmi^z^^^mxm^m 

[0027] nme ^/h^ < UT 7 >f 5> 
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^ yr ^ y^mzxhmmmmmmm(ommk\m 

-^^^ :¥wnx'\t. h-:>\'X(nm\<z^tx . mmm 
ux^m^^Mz^^ y ^y^yvy^yr^y^mz^n 
hn^&^m^ti:mzmB'fh^tizx^. amltzx 

t-yii^m^LXi^t. 

[0028] ^^Mx-m-f. h-:>immmmm 

0#(t^*\ tfz\iy ^ yy<yvy^ y9 ^ y^mza 
^^xnB.ei}--i 5" 01+ 1 5' \:xrt^j:hXom 

mmmmnn^jMi^. ^ri^'ti~y2^:m'yxh 
j;v^L, mis^mmbxijX^\ ms. 7>f 
^yT^yi/mzx^6-:>\mmm^thm^. n& 

m6xmisxr//tfzii- 1 5- i^j±+ is - wfco 

w^ist5:/h$< ^mmi>zh6nm&^^x^±^ 
^^mcomm^mmizx^xmit. ±^uzm 
mcomm\^±x^hXo^z^^^. mm^zmm^ 

^mm^^y ^yj<yhv^ yT^ y^miz 
x-^x^^i. mmimm^-is' ^mtfz\t 
+ 15- ^^x.hm^z'Tht. ^m^^cnmmimit 

t^^tfzkm^<r>'y7mK '7y)^v}v</)^>Lmzmm.tc 
OTo^ j^T'^ ^smtt*5 X X// 1 fz immtm 9 n 

x-mA\Mt\.X^^hlo\rJ-xh. -^Wmz^^^x. 

\^}±.tztL\f2'-'\0%Xhh^ttmt\^<. 5% 
Oh. fzti.{i5'-'lO%Xht:itifiXnntU\ 
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[0029] immzn^-^x. ^mw>^<n^m^mm 
hm^\±. mzm^^fihiy<r>x'\±^£^-^tK 
\mumm'hfzMmmmi)'^^<^^mi,z^mfi 

xf/tfz\tmm^^ux^mm.Lxi:,x^\ m\>z. n 
si^t^o:^i^^ti- 1 5 * iiUi+ 1 5 * vxrcomiXh 

^(n-n\^i:i^'7y K U/l-i^^'^MtzM^Sr:^!^ UT - 
4 5° 1.:JLL+4 5' mTt=^SJ:d^nX^g£D#ttl. 
>lt?J)W^L<. -15' 1 5* 
^^ux^mmh:iti)<X^mtL\\ CcoXo^^n 
Wi^'^<r)W-Mt. ^ot3'g*<7)Ji^£7)2%J^a±. 
20 \i2^\0%.'BtL<\i.5%\:X±.fztti,f 5-^10% 
t-^hCtt^X^h. ^(^Xot^m^hlMUz^m 

ut(m^z. nmoti^-Ad" OT^fdi+4 5' vj± 

[0030] ^wm^zx h ^^\^(nw^mzn^^x . 
mwm^xx/m^z]t^tx^mim^ ux ^em lt 

m^^fz^'riiixx/mwmo^f^^et)^- 1 5 - i^JLh+ 1 

mm^et^-AS" VXftfz\,± + A 5* lil±^OgP:J> 

mm<nm^wmi<zti:ht. ^<^^M^z^\^xmm% 

m^^i:,fz(:>'tfzmtL<^j:^\ :L<r>mm^mxm 
itthtz^i^z. fztt\imBmzyj,y-}vmmm'^ 

m'^fz'{MzmtthXm:Wk^'t:i}Li]n'^tij^. 

<^iotcxmtm.^n\^^xv^m-th. ^ntc^ 
^mu'rt^mm'hm(nmmzr>\^xmmm: 

1 5* tUi+ 15* l^lT^O^^i 

40 ^^<r^tM\,zuuLxmBm%r<!K\-^xnBMim 
mm.\.zi^h^xh^wt^:iti?X't 

hfzh-r:itt<xth. i^wm^x-^x. n 

m^'^y\'\^f^±i^zmiiinzm. mtmm^j:^\ 
ij^:v^T\ ^it^tifzmm<^^'mi,zmm.^j:ijmzMt 
xmm^^mm-^^mm&ij^- 1 5* w±+ 1 5- 
WFm^t^^^ X 0 mmm^m-it^tifzmi^±(,z 
50 mn^xmi^xxz/trzummm^rix^mit^ti 
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[00 3 1] l^y-HQC. ^^mizXh6-:>B'c0M:i^ 

m^m^mz^-t. m? ia.) iz^-tmmmmitmm 
«-p(i'7otciot^T. mmm i m^tm^com 

^:^^{zm.^fih. mmi 1 3i<^m^z\t. -g.^ 
i^my^^-nrnzn-th^hWi^-AS" m^tfz\t^A5 

ii^^zmhnm'^-As^ ^±+4 5* ot^o^s^ 

ESLri;J:v\ (b) t3^t^SII$S^-fb^^lt 

^otj's otci^i^T. iiiM8 1 ^mm'm'^<nw^ 
mwi^'rrsi3.{z\±. h-y{^co?m^mznLxm^ 

(7)nm±a {0' <<9S+1 5' ) T'^SI^8 2;6^E 

[ 0 0 3 2 ] US { a ) (^z^.tmmmmitm^^-? 
i^9 0(zm^x. SM9 1 ^mm-m^com^co9\- 
1 atca, mmm^az9 2m^^i^tix^-^ 
mmmm^axi^zxh^m^mnm^^-^h^j^y^^ 

ttii^S-rs, ^5^i^lt^n>?.9 2C^3V^T^^^;^?::ti 

n^i?h-:>u<ni^^-nmzn Lx\i\^Tmzti^Lx\^ 

1 acoi^MCti. ^^:^f^n^|-r^:^jS 
^^-4 5" 1.:JIT^?::{S+4 5- Ohi^^SSSilt^gdW 
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ABSTRACT 



A crucible 1 made of a C/C composite material for use in 
single crystal pulling, the crucible 1 having a lateral cylin- 
drical portion 11 and a bottom portion 12 integrally formed 
as multiple layer* wound by a filament winding method, in 
which the first layer 2 as the innermost crucible layer, among 
the multiple layers, is wound such that carbon fibers form 
tracks passing the polar point O at the bottom 12, the second 
layer 3 wound on the outer surface of the fiist layer 2 is 
wound along tracks to form a first outer circular bottom 8 
that extends outwardly from about a middle part of a raised 
portion 6 where the carbon fibers of the first layer 2 are 
localized to the polar point O, and the third layer 4 and the 
succeeding layers wound on the outer surface of the second 
layer 3 are wound respectively along tracks to form outer 
circular bottoms that extend stepwise outwardly from about 
the middle parts of the outer surfaces of layers situated 
inside the respective layers, and the top for the raised portion 
of the first layer and the top for each of the outer circular 
bottoms at the bottom of the carbon fibers wound around as 
the multiple layers are at an substantially identical height, 
detachment and deformation of carbon fibers during use 
being suppressed by reducing the machining for the bottom 
of the crucible after molding. 
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FIG. 2(a) 
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CRUCIBLE MADE OF CARBON 
FIBER-REINFORCED CARBON COMPOSITE 
MATERIAL FOR SINGLE CRYSTAI. PULLING 
APPARATUS 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invenlion 

[0002] This invention concerns a crucible made of carbon 
fibcr-rcinforccd carbon composite material for use in pulling 
silicon single crystals apparatus by a Czochralsld method 
(hereinafter referred to as a CZ method). 

[0003] 2. Related Art 

[0004] In the CZ method, silicon single crystals are 
formed by pulling up molten silicon in crucibles. For the 
crucibles, those made of quartz having characteristics of 
high melting point, high temperature stability and less 
reactivity with molten silicon have been used. FIG. 6 shows 
a schematic view of a CZ silicon single crystal pulling 
apparatus. The outline for the CZ method is to be explained 
with reference to the drawing. 

[0005] In FIG. 6, a quartz crucible 42 filled with poly- 
crystalline silicon is placed at the inside of a crucible 43 in 
a chamber 41. The crucible 43 is placed on a susceptor 46 
and pivoted on a pedestal 47, and situated centrally of the 
chamber 41. Further, a heater 44 and a temperature keeping 
cylinder 45 are disposed so as to surround the outer periph- 
ery of the crucible 43 to melt the polycrystalline silicon in 
the quartz crucible 42 by heating. The temperature for the 
polycrystalline silicon is directly measured by a pyrometer 
48, by which temperature is controlled. Then, a seed crystal 
50 attached to a seed chuck 49 is immersed in the molten 
polycrystalline silicon in the quartz crucible 42, and pulled 
up under rotation in the direction identical with or opposite 
to that of the crucible 43 to grow silicon single crystals. 

[0006] For the production of silicon single crystals by the 
CZ method, a quartz crucible for melting silicon in the inside 
and a crucible made of graphite for containing and support- 
ing the quartz crucible &om the outside are used. In recent 
years, since the diameter of the single crystals to be manu- 
factured is increased, the size of the pulling apparatus used 
in the CZ method is also increased. Corre;^ndingly, the 
size of the graphite crucible is enlarged and the weight 
thereof is increased making it difficult for handling. Further, 
it has also resulted in a problem that the effective processing 
size in the pulling apparatus is decreased. 

[0007] Carbon fiber-reinforced carbon composite material 
(hereinafter referred to as a C/C composite material) is light 
in weight compared with the graphite material and has 
excellent characteristics in various kinds of mechanical 
strengths. Accordingly, the processing chamber of the appa- 
ratus can be used effectively. Further, owing to the reduced 
weight, handlability such as installation to the apparatus is 
also excellent. In view of the above, the material of furnace 
components including the crucible used for the single crystal 
puUing apparatus of a large diameter by the CZ method have 
now been shifted from graphite to the C/C composite 
material The method of manufacturing a crucible made of 
the C/C composite material mainly includes the following 
two methods. 

[0008] One of them is a method referred to as a filament 
winding method. In this method, after immersing a carbon 



fiber bundle formed by bundling carbon fibers into a binder 
of low viscosity comprising, for example, a thermosetting 
resin and a solvent and then winding the carbon fiber bundle 
deposited with the binder around a mandrel having the shape 
conforming a crucible thereby forming the same into a 
required crucible shape. Then, heat setting is conducted, for 
example, at a temperature of about 100 to 300° C. and the 
resultant shaped product is carbonized in an inert gas such 
as Nj gas at a temperature, for example, of about 1000° C. 
After the carbonization, a phenol resin, tar pitch or the like 
is impregnated optionally and then heating is applied at a 
temperature of 1500** C. or higher to conduct carbonization 
(graphitization). The crucible obtained by steps described 
above is heated, for example, in a halogen gas atmosphere 
at a temperature of about 1500 to 2500** C. to apply a high 
purity treatment and obtain a crucible comprising a C/C 
composite material. 

[0009] The other is method referred to as a hand layup 
method. In this method, carbon fiber cloths arc appended to 
the mold of a crucible to manufacture a molded product and 
then applied with thermosetting, carbonization, graphitiza- 
tion and high pure treatments to obtain a crucible made of a 
C/C composite material. 

[0010] Generally, the C/C composite material is manufac- 
tured by combining the filament winding method and the 
hand layup method. 

[0011] By the way, when the crucible 43 is actually used, 
it is necessary that the bottom thereof is flattened such that 
it can be placed stably on the susceptor 46 (refer to FIG. 6). 
For this purpose, as shown in FIG. 7, the bottom 52 of a 
crucible 51 has been flattened by cutting off a hatched 
portion 53 in FIG. 7 by machining. In this case, carbon 
fibers at the crucible bottom 52 arc cut. Accordingly, this 
causes deformation of the crucible bottom 52 by the plastic 
deformation or the like of the C/C composite material per sc 
or detachment of the carbon fibers. T^en, when the crucible 
bottom 52 is deformed, gaps arc formed to the C/C com- 
posite material crucible 51 themselves and between the C/C 
composite material crucible 51 and the susceptor 46 (refer to 
FIG. 6). SiO gases intrude into the gaps upon pulling 
operation and react with the crucible to form SiC, thereby 
resulting in a problem of consuming the crucible. Further, 
the cartxin fibers at the cut portion 53 occasionally suffer 
from defoliation by the stresses upon deformation. 

[0012] This invention has been accomplished for over- 
coming the foregoing problems and intends to provide a 
crucible made of a C/C composite material for use in single 
crystal pulling apparatus that can decrease the amount of 
machining as less as possible for the bottom of the crucible 
after forming the crucible by the filament winding method or 
the like used for single crystal pulling apparatus and sup- 
press detachment or deformation of carbon fibers during use. 

SUMMARY OF THE INVEKHON 

[0013] For overcoming the foregoing problems, this 
invention provides a crucible made of a C/C composite 
material for use in single crystal pulling, the crucible having 
a lateral cylindrical portion and a bottom portion integrally 
formed as muhiple layers wound by a filament winding 
method, in which the first layer as the innermost crucible 
layer, among the multiple layers, is wound such that carbon 
fibers form tracks passing the polar point at the bottom, the 



us 2002/0185061 Al 



2 



Dec. 12, 2002 



second layer wouad on the outer surface of the first layer is 
wound along a track to form a first outer circular bottom that 
extends outwardly &om about a middle part of a raised 
portion where the carbon fibers of the first layer are localized 
to the polar point, and the third and the succeeding layers 
wound on the outer surface of the second layer are wound 
respectively along tracks to form outer circular bottoms that 
extend stepwise outwardly from about the middle parts of 
the outer surfaces of layers situated inside the respective 
layers, and the top for the raised portion of the first layer and 
the top for eadi of the outer circular bottoms at the bottom 
of the carbon fibers wound around as the multiple layers are 
at an substantially identical height. Further, the top may be 
flattened by machining. 

[0014] According to the cmcible made of a C/C composite 
material of this invention, the bottom of the crucible forms 
a bottom of a substantially identical height after molding by 
a filament winding method, which can be placed stably on 
a susccptor. Further, a fiat surface can be formed by machin- 
ing a portion of the tops for the protrusions on a corrugating 
surface formed slightly at the bottom to a required minimum 
extent. Further, when the amount of cutting by machining is 
restricted to 40% or less, preferably, 30% or less for the 
thickness of the bottom (thickness for the top of the raised 
portion of the first layer), the mechanical strength at the 
bottom is not lowered, detachment or defoliation of the 
carbon fibeis during use is decreased and the deformation of 
the crucible per se made of the C/C composite material can 
also be suppressed. This can suppress conversion of the 
cmcible into SiC upon pulling single crystals. 
[0015] Further, this invention also provides a crucible 
made of a C/C composite material for single crystal pulling 
use, the cmcible having a lateral cylindrical portion and a 
bottom portion formed integrally as multiple layers wound 
by a filament winding method, in which a substantially 
disk-shaped or a circular cylindrical bottom central member 
comprising a carbonaceous material is disposed at a central 
portion of the bottom, the first layer of the carbon fibcis as 
the innermost crucible layer or plural layers including the 
second layer and the succeeding layeis, among the multiple 
layers, are wound so as to cover the lateral periphery of the 
bottom central member along the circumferential surface 
thereof up to the height substantially identical with the 
bottom of central member, the respective layers after the 
layer of the carbon fibers wound up to the height substan- 
tially identical with the bottom of the bottom central mem- 
ber arc would along tracks to form outer circular bottoms 
that extend stepwise outwardly from the layers situated 
inside of the re^>ective layers, and the tops for the central 
bottom member and for each of the outer circular bottoms at 
the bottom of the carbon fibers wound around as the multiple 
layers are at an substantially identical height. 
[0016] As described above, since the bottom central mem- 
ber comprising the carbonaceous material is disposed at the 
center of the bottom, the stability of the bottom can be 
improved further. Further, an opening can be formed to the 
bottom central portion without cutting the crucible- forming 
carbon fibers. 

BRIEF DESCRIPTION OF TIIC DRAWINGS 
[0017] FIG. 1 is a view showing a lateral cross sectional 
view and a bottom view for one example of an embodiment 
of a crucible made of a C/C composite material according to 
this invention; 



[0018] FIG. 2 is a view for explaining a method of 
manufacturing a crucible made of a C/C composite material 
of one embodiment according to this invention; 

[0019] FIG. 3 is a lateral cross sectional view and a 
fragmentary enlarged view after machining for one example 
of an embodiment of a cmdble made of a C/C composite 
material according to this invention; 

[0020] FIG. 4 is a lateral cross sectional view and a 
bottom view for another example of an embodiment of a 
cmcible made of a C/C composite material according to this 
invention; 

[0021] FIG. 5 is a view showing examples of forms for 
bottom central members used in one embodiment of a 
cmdble made of a C/C composite material according to this 
invention; 

[0022] FIG. 6 is a view for explaining a CZ method; and 

[0023] FIG. 7 is a view for explaining the shape of a 
bottom of an existent crucible made of a C/C composite 
material. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] An embodiment of a cmdble made of a C/C 
composite material according to this invention is to be 
described with reference to the drawings. 

[0025] FIG. 1 shows a cmcible 1 made of a C/C compos- 
ite material according to this embodiment in which (a) is a 
side cross sectional view and (b) is a bottom view. As shown 
in FIG. 1, the crudble 1 made of the C/C composite material 
according to this embodiment has a multi-layered structure 
in which carbon fiber bundles formed by bundling carbon 
fibers are wound into four layeis comprising a first layer 2 
as the innermost layer, a second layer 3 formed on the outer 
surface thereof a third layer 4 formed on the outer surface of 
the second layer 3, and a fourth layer 5 formed on the outer 
surface of the third layer 4. 

[0026] As shown in FIG. 1, the carbon fiber bundles 
forming the first layer 2 arc wound so as to form tracks 
passing the polar point O at the bottom of the crudble 1 
made of the C/C composite material. Accordingly, the 
carbon fiber bundles overlap at the polar point O to form a 
part of a raised portion 6. 

[0027] In the second layer 3, each of the carbon fiber 
bundles is would while finely controlling the winding angle 
on the middle part of the raised portion 6 at the polar point 
O of the first layer 2 so as to be along a circle-forming track, 
that is, tangential lines of a circle or in the direction parallel 
therewith. Accordingly, a first outer circular bottom 8 
slightly raised by the overlap of each of the carbon fiber 
bundles is formed at a portion in contact with the first layer 
2 so as to extend outwardly from the middle part of the 
raised portion 6 at the polar point O. Further, the top of the 
raised portion of the first outer circular bottom 8 and the top 
part of the raised portion 6 at the polar point O can be made 
substantially identical with each other by winding while 
finely oontrolhng the winding angle as described above. 

[0028] The third layer 4 is formed by winding each of the 
carbon fiber bundles while finely controlling the winding 
angle so as to be along circle-forming track at a middle part 
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of tbe raised portion of the first outer circular bottom 8 that 
is formed by the second layer 3 on the bottom 12 of the 
crucible 1 made of the C/C composite material, and a second 
outer circular bottom 9 is formed so as to extend outwardly 
from the middle part of the raised portion of the first outer 
circular part 8. Since the carbon fiber bundles are would 
around while finely coDtrolling the winding angle also at tbe 
top for the raised portion of the second outer circular bottom 
9, it is substantially identical al the height with the top for 
the raised portion 6 at the polar point O and the top for the 
raised portion of the first outer circular bottom 8. 

[0029] The fourth layer 5 is wound so as to be along a 
circle-forming track at a middle part of the raised portion 9 
of the second outer circular bottom 9 that is formed by the 
third layer 4 on the bottom 12 of the crucible 1 made of the 
C/C composite material. In this case, it is formed by winding 
each of tbe carbon fiber bundles while finely controlling the 
winding angle and the third outer circular bottom 10 is 
formed so as to extend outwardly from the middle part of the 
raised portion of the second outer circular bottom 9. Since 
the carbon fiber bundles are would around while finely 
controlling the winding angle also for tbe top of the raised 
portion of the third outer circular bottom 10, it is substan- 
tially identical with the height for the top part of the raised 
portion 6 at the polar point O, tbe top for the raised portion 
of tbe first outer circular bottom 8 is substantially identical 
with the top for the raised portion of the second outer 
circular bottom 9. 

[0030] As described above, the carbon fiber bundles form- 
ing each of tbe layers are woimd along tracks spaced 
stepwise each at a substantially equal distance circularly 
from the polar point O of the crucible bottom 12 while finely 
controlling the winding angle respectively. Accordingly, the 
heights of the tops for the raised portion 6 and for each of 
the outer circular bottoms 8, 9 and 10 formed by the 
respective layers being overlapped to each other at the 
cmdblc bottom 12 arc made in a substantially identical 
height. Accordingly, it can be placed in the susccptor and 
placed on the CZ apparatus in a stable state with no flat 
machining for the crucible bottom 12 as in tbe prior art. 

[0031] Then, a method of manufacturing the crucible t 
made of the C/C composite material according to this 
embodiment is to be explained. 

[0032] In FIG. 2(a), a mandrel 21 has a cylindrical portion 
22, a bulged portion 23 bulging in a bowl-like shape at one 
end of the cylindrical ]X)rtion 22 and a shaft 24 protruded 
from the center at the other end of the cylindrical portion 22. 
The cylindrical portion 22 has ao outer diameter oorres{x>nd- 
ing to the inner diameter of a lateral body portion U of the 
crucible 1 made of the C/C composite material and is made 
sttmuwhat longer than the lateral body pt)rtion 11 of the 
crucible 1 made of the C/C composite material. The bulged 
portion 23 has a curved outer surface conforming the curved 
shape at the inside of the bottom 12 of the crucible 1 made 
of the C/C composite material. 'Ilie mandrel 21 is supported 
by the shaft 24 capable of rotation under control, and a 
delivery portion 25 for supplying carbon fiber bundles 
impregnated with a binder as a matrix precursor is moved 
along the outer circumference of the mandrel 21. This 
enables filament winding such as polar winding, parallel 
winding and level winding optionally. In this case, the 
carbon fiber bundles wound on the side at the other end of 



tbe cylindrical portion 22 are to be discarded. Since the 
carbon fiber bundles may sometimes cause sfip at the 
circumferential portion at the other end, pins may be dis- 
posed for preventing the deviation of the carbon fiber 
bundles. 

[0033] Then, a step up to tbe completion of the crucible 
made of the C/C composite material by using the mandrel 21 
is to be explained specifically. Multiple layers of 2D cloths 
impregnated with a binder as a matrix precursor such as a 
thermosetting resin are appended (not illustrated) on the 
surface of the maixlrel 21. By the appension of the 2D 
cloths, the inner surface of the crucible 1 made of the C/C 
composite material is flattened. 

[0034] Then, as shown in the side cross sectional view and 
the bottom view in each of FIGS. 2(b) and (c), carbon fiber 
bundles are wound in a polar winding so as to be along 
tracks passing the polar point O at the bulged portion 23 to 
form the first layer 2. in this step, the raised portion 6 is 
formed at the polar point O by overlap of the carbon fiber 
bundles. 

[0035] Then, as shown in FIG. 2(d), parallel winding is 
applied by winding along the circumferential direction of the 
cylindrical portion 22. This parallel winding is conducted 
such that the winding angle relative to the central axis is 
approximate to 90°, which forms the circumferential 
strengthening layer for the crucible body portion. 

[0036] Then, as shown in FIG. 2(e) and (f) the carbon fiber 
bundles are wound by a level winding while finely control- 
ling the winding angle along tracks so as to form a circle at 
the middle part of the raised portion 6 of the first layer 2. 
Thus, a fijst outer circular bottom 8 is formed to the outer 
circumference of the raised portion 6 of the first layer 2. 
Then, parallel winding is applied to the lateral cylindrical 
portion 11. Subsequently, the tracks of the carbon fiber 
bundles wound to the bulged portion 23 of the mandrel 21 
are changed such that the diameters for the respective outer 
circular bottoms 8, 9 and 10 extend stepwise outwardly from 
the middle parts of the raised portion 6 at tbe polar point O 
and the respective outer circular bottoms 8, 9 in order to 
provide optional number of layers and layer thickness, llien, 
level winding and the parallel winding to the lateral cylin- 
drical portion 11 are repeated to form a mulli -layered 
molded product of the crucible 1 made of the C/C composite 
material. 

[0037] After the molding steps as described above, the 
mandrel 21 woimd around with the molded body is dried as 
it is. Then, heating is applied while providing the molded 
body at the outer circumference of the mandrel 21 with an 
external pressure to heat-cure the binder as the matrix 
precursor such as the resin Then, the molded body is 
detached from the mandrel 21. Thus, a molded body of a 
cmcible shape Ls obtained. The molded body is heated and 
baked to apply carbonization in an inert atmosphere at 8D0 
to 1000° C. Iben, the carbonized body is impregnated with 
pitch or the like and baked at 800 to 1000" C. The steps 
described above are repeated twice to four times to apply 
densification. When a predetermined density is obtained, it 
is heated to 1800 to 2200"" C. to conduct graphitization. 

[0038] Subsequently, a high purity treatment is applied in 
a halogen gas atmo^hcrc under a reduced pressure of 10 Pa 
to 50 kPa to d>tain a highly pure product with the ash 
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content of 20 ppm or less. 'ITien, a pyrolytic carbon is 
imprcgnaled to the inside through the pores present at the 
surface by the CVD method, thereby coating the surface. 

[0039] llie pyrolytic cartxin is a graphilized product al 
high purity and high degree of crystallization obtained by 
thermally decomposing bydrocaibons, for example, hydro- 
carbon gases or hydrocarbon compounds of 1 to 8 carbon 
atoms, particularly, propane having number of carbon atoms 
of three or a methane gas having a number of carbon atom 
of 1. 

[0040] The CVD method referred to herein is a Chemical 
Vapor Deposition method, which includes a so-called CVI 
method of impregnating and precipitating the pyrolytic 
carbon through the open pores to the inside of the substrate. 
Then, using the hydrocarbons or hydrocarbon compounds 
described above, the operation is conducted at a hydrocar- 
bon concentration of 3 to 30%, preferably, 5 to 20% and a 
entire pressure of 13 kPa or less, preferably, 6 kPa or less. 
When such an operation is conducted, hydrocarbons form 
macro carbon compounds near the surface of the substrate 
by way of dehydrogenation, thermal decomposition and 
polymerization, they are deposited on the substrate and 
further undergo dehydrogenating reaction to form a denf;e 
pyrolytic carbon layer or which are penetrated and impreg- 
nated. The temperature for the precipitation is generally 
within a wide range from 800 to 2500° C. and it is desirable 
to precipitate the pyrolytic carbon in a relatively low tem- 
perature region of 1300° C. or lower in order to impregnate 
as deeply as possible. Further, in a case of forming the 
pyrolytic carbon as far as the inside, it is preferred to set the 
precipitation lime to a long period of 50 hours or more, 
preferably, 100 hours or more. Further, this enable to form 
the pyrolytic carbon between each of the fibers thoroughly 
which contributes to the improvement of the inter-layer 
shearing strength of the C/C composite material. Further, for 
improving the degree of impregnation, an isothermal 
method, a temperature gradient method or a pressure gra- 
dient method can be used. Alternatively, a pulsative method 
of enabling to shorten the time and densification may also be 
used. Subsequently, a dense pyrolytic carbon may some- 
times be coated on the surface. The retention time is con- 
trolled so as to provide a desired thickness usually at 1500 
to 2200° C, while setting other conditions as described 
above. 'Ilie impregnation and coating of the pyrolytic carbon 
by the CVD method are properly adjusted to the working 
conditions or the like or the treatment by the CVD method 
is not adopted depending on the working conditions. 

[0041] Carbon fibers to be used have no particular restric- 
tion and any of carbon fibers such as PAN type, rayon type 
or pitch type may be used. In view of the strength that can 
be adopted in the filament winding method, PAN type 
carbon fibers are more preferred. In the case of considering 
the reaction resistance to Si, use of pitch type fibers is 
preferred, 'llierc is also no particular restriction on the 
diameter of the carbon fibers and 2|um or more of diameter 
is preferred while considering the prevention of disconnec- 
tion of fibers upon filament winding. The number of fila- 
ments in the carbon fiber bundle used is preferably 1000/ 
bundle or more with a view point of preventing fiber 
disconnection upon filament winding. The number of fila- 
ments can be made, for example, as 1000 to 200,000/bundle. 



[0042] lie binder forming the matrix precursor has no 
particular restriction and organic binders such as thermoset- 
ting resins including phenol resins and furan resins, and 
coal-tar pitch may be used. 

[0043] The crucible 1 made of the C/C composite material 
of this embodiment manufactured as described above has the 
bulk density of 1,4 g/cm^ or more. 

[0044] Further, the bottom of the crucible t may be cut oflf 
at a portion shown by the dotted chain in FIG. 3 conforming 
the shape of the susceptor 46 of the CZ apparatus (refer to 
FIG. 6) such that the crucible 1 can be placed reliably on the 
susceptor 46. As shown in FIG. 3, only the raised portion 6, 
tops for respective outer circular bottoms 8, 9 and 10 and an 
a rounded comer 13 of the fourth layer 5 on the crucible 
bottom 12 are cut o£f. Since the height is substantially 
identical at the tops for the raised portion 6 and each of the 
circular bottoms 8, 9 and 10 by the way of winding as 
described above, a flat surface can be formed by cutting oif 
the portion by 40% or less, preferably, 30% or less for the 
thickness of the cmcible bottom 12 (thickness for the raised 
portion 6). Further, by cutting the rounded comer 13 of the 
fourth layer 5 into a tapered portion 7, stable location in the 
CZ apparatus Ls possible. Further, even when deformation 
should occur by the stresses upon cooling, contact between 
the cmcible and the heater can be avoided. 

[0045] As described above, in the C/C composite material 
cmcible according to this invention, the carbon fiber bundles 
at the bottom are not cut or, in a case of applying machining, 
less carbon fiber bundles are cut by machining, and detach- 
ment of the carbon fibers upon use in the CZ apparatus can 
be suppressed. Fiulher, since the amount of the machining is 
small, lowering of the mechanical strength at the bottom of 
the crucible can also be suppressed and it does not deform 
even by the thermal stresses exerted repetitively during used 
in the CZ apparatus. Accordingly, no gaps are formed 
relative to the susceptor and consumption of the crucible can 
be suppressed. 

[0046] Further, as shown in FIG. 4, in the C/C composite 
material crucible according to this invention, a substantially 
disk-like or circular cylindrical bottom central member 30 
made of a carbonaceous material can also be disposed at the 
center of a bottom 12. In this case, for the first layer as the 
innermost layer of the crucible, the carbon fibers are wound 
around along a lateral circumferential surface 31 of the 
bottom central member 30. Then, a second layer 3 wound 
around the outer surface of the first layer 2 is laminated on 
the suirface of the first layer 2 and wound around along the 
lateral circumferential surface 31 of the bottom central 
member 30. Further, a third layer 4 is laminated on the 
surface of the second layer 3, wound around so as to cover 
the lateral circumferential surface 31 of the bottom central 
member 30 and wound around so as lo be al a substantially 
identical height wilh the bottom of the bottom central 
member 30 to form a raised portion 36, llien, each of the 
layers after the third layer 4 is wound along a track forming 
the outer circular bottom which extends stepwise outwardly 
from each of the layers that are situated inside of the 
respective layers. Then, the tops for the raised portions 36 of 
respective outer circular bottoms are at a substantially 
identical height. Accordingly, the crucible can be placed 
stably on the susceptor without machining the tops. In 
addition, an aperture may be fabricated to the bottom central 
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member 30. Since the aperture is formed lo Ihe portion of the 
bottom central member 30, it is not necessary to cut the 
carbon fibers that form the crucible 1, which can greatly save 
the manufacturing cost. Further, provision of the bottom 
central member 30 enables to decrease the portion of cutting 
the crucible forming carbon fibers as less as possible. The 
number of layers of the carbon fibers wound around so as to 
cover the lateral circumferential surface 31 for the bottom 
central member 30 arc properly adjusted to the working 
conditions. 

[0047] The shape for the bottom central member 30 is not 
restricted to that shown in FIG. 4 but may be in various 
shapes as shown in FIG. 5. Further, the shape is not 
restricted to those shown in FIG. 5 where the lateral 
circumferential surface is shaped into a concave configura- 
tion but it may be formed in a protruded configuration 
contrary to those shown in FIG. 5. 

EXAMPLE 1 

[0048] Using the mandrel 21 shown in FIG. 2, TOREKA 
T-300 3K (manufactured by Toray Co.) plain weave cloth 
impregnated with a phenol resin was appended by three 
layers to the surface of the mandrel 21, on which filament 
winding was applied. Filament winding was conducted by 
polar winding using six filaments of TOREKA T-300 12K 
(manufactured by Toray Co.) while impregnating a phenol 
resin and such that they formed tracks passing through the 
polar point O of the bulged portion 23 of the mandrel 21 and 
cover the entire surface thoroughly. Then, a parallel winding 
was applied at a winding angle to the central axis of 85^ to 
90° to form the first layer 2. Then, a second layer 3 was 
formed to the outer surface of the first layer 2. Id this case, 
level winding was conducted using six filaments of 
TOREKA T-300 12K (manufactured by Toray Co.) while 
impregnating the phenol resin such that they passed through 
the tracks to define 60 mm of the inner diameter for the first 
outer circular bottom 8. 'llieD, parallel windiog was applied 
with a winding angle relative to the central axis of 85** to 90° 
to form the second layer 3. Level winding was applied to the 
outer surface of the second layer 3 using six filaments of 
TOREKA T-300 12K (manufactured by Toray Co.) while 
impregnating a phenol resin such that they passed through 
the tracks to define 100 mm of the inner diameter for the 
second outer circular bottom 9. Then, parallel winding was 
conducted at a winding angle of 85" to 90° relative to the 
central axis to form the third layer 4. Level winding was 
conducted to the outer surface of the third layer 4 using six 
filaments of TOREKA T-300 12K (manufactured by Toray 
Co.) while impregnating the phenol resin such that they 
passed through the tracks define 140 mm inner diameter for 
the third outer circular bottom 10. Then, parallel winding 
was applied at a winding angle relative to the central axis of 
85° to 90° to form a fourth layer 5, thereby forming a molded 
product with the thickness of 2 mm for each of the layers for 
the lateral C7lindrical portion 11, the outer diameter of 470 
mm and the thickness of the bottom 12 of 20 mm. llien, the 
molded product was heat cured in the oven. After thermo- 
setting, it was detacbed from the mandrel 21 to obtain a 
crucible shape molded product. Then, the temperature was 
elevated to 1000° C. lo obtain a C/C composite material. 
Further, pitch impregnation and baking were repeated twice 
to conduct densification. In addition, as the final heat treat- 
ment, it was heated under a reduced pressure to 2000° C. to 
apply graphitization. 



[0049] llie molded product obtained by way of the steps 
described above was macbtned at the bottom 12 as shown in 
FIG. 3. In this case, only the dotted chain portion shown in 
the figure, that is, only the tops for the raised portion 6 and 
for each of the outer circular bottoms 8, 9 and 10 were 
machined. The cutting amount by machining was 5% for the 
thickness of the crucible bottom 12. After machining, a high 
purity treatment was further applied in a halogen gas atmo- 
sphere under a reduced pressure at 2000° C. Subsequently, 
impregnation and coating treatments with pyrolytic carbon 
were applied by a CVD method to obtain a final product. The 
bulk density of the crucible 1 made of the C/C composite 
material was increased to 158 g/cm^ by the CVD treatment. 
The thus obtained crucible 1 made of the C/C composite 
material was placed in a CZ apparatus and a test for pulling 
single crystals in an actual apparatus was conducted. 

EXAMPLE 2 

[0050] A crucible was manufactured in the same manner 
as in Example 1 except for setting the cutting amount by 
machining for the crucible bottom 12 to 30% for the 
thickness of the crucible bottom 12 to obtain a cmdble made 
of a C/C composite material, which was placed in the CZ 
apparatus and a test for pulling up single crystals in an actual 
apparatus was conducted in the same manner as in Example 
1. 

EXAMPLE 3 

[0051] A crucible was manufactured in the same manner 
as in Example 1 except for setting the cutting amount by 
machining for the crucible bottom 12 to 40% for the 
thickness of the crucible bottom 12 to obtain a crucible made 
of a C/C composite material, which was placed in the CZ 
apparatus and a test for pulling single crystals in an actual 
apparatus was conducted in the same manner as in Example 
1. 

COMPARAnVE EXAMPLE 1 

[0052] Using the mandrel 21 shown in FIG. 2, TOREKA 
T-300 3K (manufactured by Toray Co.) plain weave cloth 
impregnated with a phenol resin was appended by three 
layers to the surface of the mandrel 21, on which filament 
winding was applied. Filament winding was conducted 
using six filaments of TOREKA T-300 12K (manufactured 
by Toray Co.) while impregnating a phenol resin by polar 
winding and parallel winding with the winding angle at 85° 
to 90° relative to the central axis, alternately, as shown in 
FIG. 5, repetitively, to the same thickness as in Example 1. 
The body portion had a mixed layer by parallel winding and 
polar winding but the bottom was formed only by polar 
winding. Then, the molded product was heat cured in an 
oven. After heat curing, the molded product was detached 
from the mandrel 21 to obtain a molded product of a 
cmcible-shape. Then, temperature was elevated up lo 1000° 
C. to obtain a C/C composite material. Further, densification 
was conducted by twice repeating the pitch impregnation 
and baking. In addition, it was heated under a reduced 
pressure at 2000° C. as the final heat treatment to conduct 
graphitization. Then, machining was conducted so as to 
obtain the same shape as that in Example 1. In this case, the 
cutting amount by machining was 50% for the thickness of 
the crucible bottom 12. Subsequently, a high purity treat- 
ment and a CVD treatment were conducted in the same 
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manner as in Example 1 to form a crucible made of a C/C 
composite material, which was located in the CZ apparatus 
and a test of pulling single crystals in an actual apparatus 
was conducted. 

COMPARATIVE EXAMPI.E 2 

[0053] A crucible was manufactttred in the same manner 
as in Example 1 except for changing the cutting amount by 
machining for the crucible bottom 12 to 45% for the 
thickness of the crucible bottom 12 to form a cmciblc made 
of a C/C composite material, which was located in the CZ 
apparatus and a test for pulling up single crystals in an actual 
apparatus was conducted in the same manner as in Example 
1 to Example 3, and Comparative Example 1. 

[0054] Table I shows the result for the test in the actual 
apparatus in Example 1 to Example 3 and Comparative 
Example 1 and Comparative Example 2, collectively. 



TABLE 1 


State of Amount 




crucible aftci of 




use for 30 cutting* 




doies Reomdcs % 




Eaimple 1 No abnormality No abnormality after use for 100 
times 


5 


Example 2 No abconnality Bottom defomud slightly after use 


30 


for 100 dmcs 




Example 3 No abnormality Bottom deformed slightly after use 


40 


for 50 times 




Comp. Dcfonned at Gap formed between crucible and 


50 


Example 1 the bottom receiving tray 




Comp. Ctefonned at Gap formed between crucible and 


45 


Example 2 the bottom receiving tray 





*The amount of cutting shows the ratio assuming \be thickness at the cru- 
cible bottom being as 1 



[0055] As shown in Table 1, in the crucible of Example 1, 
deformation of the crucible and detachment of the carbon 
fibers were not observed even after conducting the pulling 
treatment for 100 times. Further, in the crucible of Example 
2, the crucible bottom deformed somewhat after conducting 
the pulling up treatment for 100 times. Further, in the 
cmcible of Example 3, the crucible bottom deformed some- 
what after conducting pulling up treatment for 50 times. On 
the other hand, in the cmcible of Comparative Example 1, 
the crucible bottom deformed somewhat, and gaps were 
formed between the crucible and the receiving tray after the 
pulling up treatment for 30 times. Further, in the crucible of 
Comparative Example 2, the crucible bottom deformed 
somewhat, and gaps were formed between the crucible and 
susceptor after pulling up treatment for 30 times in the same 
manner as in Comparative Example 1. 

[0056] As has been described above, according to this 
invention, the height can be made substantially identical for 
the raised portion at the polar point and the tops for each of 
the outer circular bottoms formed by each of the layers, by 
extending the tracks along which the carbon fiber bundles 



are wound in the polar winding by the filament winding 
method stepwise substantially in proportion. Therefore, in 
the machining for flattening the crucible bottom, the cutting 
amount can be reduced to 40% or less and it is possible to 
prevent lowering by machining of the mechanical strength at 
the crucible bottom. Accordingly, when the crucible is used 
in the CZ apparatus, it is free from deformation by thermal 
stresses exerting repetitively and a crucible made of the C/C 
composite material of long endurance life can be obtained. 

What is claimed is: 

1. A crucible made of a carbon fiber reinforced carbon 
composite material for use in single crystal pulling, the 
crucible having a lateral cylindrical portion and a bottom 
portion integrally formed as multiple layers wound by a 
filament winding method, in which the first layer as the 
innermost crucible layer, among the multiple layers, is 
wound such that carbon fibers form tracks passing the polar 
point at the bottom, the second layer wound on the outer 
surface of the first layer is wound along a track to form a first 
outer circular bottom that extends outwardly from about a 
middle part of a raised portion where the carbon fibers of the 
first layer are localized to the polar point, and the third and 
the succeeding layers wound on the outer surface of the 
second layer are wound re^ectively along tracks to form 
outer circular bottoms that extend stepwise outwardly from 
about the middle parts of the outer surfaces of layers situated 
inside the respective layers, and the top for the raised portion 
of the first layer and the top for each of the outer circular 
bottoms at the bottom of the carbon fibers wound around as 
the multiple layers arc at an substantially identical height. 

2. A crucible made of a carbon fiber reinforced carbon 
composite material for single crystal pulling use as defined 
in claim 1, wherein the top is flattened by machining. 

3. A crucible made of a carbon fiber reinforced carbon 
composite material for single crystal pulling use, the cru- 
cible having a lateral cylindrical portion and a bottom 
portion formed integrally as multiple layers wound by a 
filament winding method, in which a substantially disk- 
shaped or a circular cylindrical bottom central member 
comprising a carbonaceous material is disposed at a central 
portion of the bottom, the first layer of the carbon fibers as 
the innermost crucible layer or plural layers including the 
second layer and the succeeding layers, among the multiple 
layers, are wound so as to cover the lateral periphery of the 
bottom central member along the circumferential siuface 
thereof up to the height substantially identical with the 
bottom of central member, the respective layers after the 
layer of the carbon fibers wound up to the height substan- 
tially identical with the bottom of the bottom central mem- 
ber are would along tracks to form outer circular bottoms 
that extend stepwise outwardly from the layers situated 
inside of the respective layers, and the tops for the central 
bottom member and for each of the outer circular bottoms at 
the bottom of the carbon fibers wound around as the multiple 
layers are at an substantially identical height. 

« * * * « 
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abreviations" figurant au dibut de chaque numiro ordinaire de 
la Gazette du PCX 



(57) Abr£gi: Ud jsoc6d6 de fabrication d'lm bol monobloc en matdriau composite thermostiuctural focin^ d'lin renfoit fibreux den- 
sifi^ par une matrice qui comprend la fouminiic de straies fibfcases d^formflhlfts en ^m s^il tgnant acemptes tif. fmtes n^i A* dA-jmpMi^ 
la superposition desdites stiales sur une fonne cooeqiondant au bol & rfaliser, en les d^onnant, et la liaison des stnites superposto 
entie elles au oK)yen de fibres s'dtendant transveisalementparfappoTt aux strates, par exempte par aiguilletage de mani^ k obtenir 
une prdfcmne de bol qui estensuite densifife. Lebol (1) est utilisable comme support de cieuset (5) dans une installatiMi de produc- 
tioQ de silicium monocristaDin. 
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litre de Pinvention 

Precede de fabrication d'un bol en materiau composite thermostructural, 
bot tel qu'obtenu par le procede, et utilisation du bol comme support de 
creuset. 

5 

Domalne de I'lnvention 

L'invention conceme la fabrication de pieces creuses en 
materiau composite thermostmcturai, plus particuli^rement de pieces 
ayant une fomne d'embouti profond. non developpable, non 

10 n6cessairement axisymetriques, avec une partie de fond et une partie 
Iat6rale raccord6es par des portions de rayons de courbures pouvant etre 
relativement faibles. Par souci de commodite, de telles pieces seront 
designees sous !e terme g6n6rique de bols dans tout le reste de la 
description et dans les revendications. Un domaine d'application de 

15 l'invention est par exemple la fabrication de bols destines d recevoir des 
creusets contenant du metal fondu, tel que du silicium, notamment pour le 
tirage de lingots de silicium. ou d'autres metaux, dans d'autres domaines 
de la metallurgle. 

Par materiau composite thermostructural, on entend un 

20 materiau comprenant un renfort fibreux en fibres refractaires, par exemple 
en fibres de caribone ou de ceramique. densifie par une matrice 
refractaire. par exemple en carbone ou en ceramique. Les materiaux 
composites carbone/cartDone (C/C) et les materiaux composites a matrice 
ceramique (CMC) sont des exemples de materiaux composites 

25 thermostructuraux. 

Arriere-plan de l'invention 

Un proc^d^ bien connu de production de silicium 
monocristallin, destine plus particulierement d la fabrication de produits 

30 semi-conducteurs, consiste ^ faire fondre du silicium dans un receptacle, 
a mettre en contact avec le bain de silicium liquide un germe de cristal 
ayant I'arrangement cristallin desire, pour initier la solidification a partir du 
silicium contenu dans le creuset, avec I'arrangement cristallin voulu, et d 
tirer mecaniquement hors du creuset un lingot de silicium monocristallin 

35 ainsi obtenu. Ce procede est connu sous I'appellation proc6d6 
Czochralski, ou proc6d6 "CZ". 
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Le receptacle contenant le silicium fondu est frequemment un 
creuset en stiice. ou quartz (SiOa) place dans un bol, quetquefois 
denomme suscepteur, qui est generalement en graphite. Le chauffage 
peut etre assure par rayonnement k partir d'un corps cylindrique 
5 conducteur electrique en graphite, par exemple chauffe par effet Joule, 
qui entoure le bol. Le bol repose par son fond sur un support. A cet effet. 
le fond du bol est generalement usine, notamment pour former une portee 
de centrage et une zone d'appui. En outre, dans I'application consideree, 
les imperatifs de \rhs haute purete impliquent de faire appel a des 

10 matieres premieres pures, a des precedes non polluants et/ou a des 
precedes de purification a I'^tat final ou a un etat intermediaire de 
fabrication du bol. Pour les produits cariDones (tels que graphite ou 
composites C/C), des proc6d6s de purification par traitement a haute 
temperature (plus de 2000**C) sous atmosphere neutre ou reactive (par 

1 5 exemple halogene) sent connus et utilises de fa9on courante. 

Les pieces en graphite utilisees comme bols sont fragiles. Elles 
sont souvent realisees en plusieurs parties (architecture en "petales") et 
ne peuvent retenir le silicium fondu en cas de fuite ou rupture du creuset 
en siiice. Ce probleme de securite devient de plus en plus critique avec 

20 I'augmentation de taille des lingots de silicium tires, done I'accroissement 
de la masse de silicium liquide. Par ailleurs, les bols en graphite ont 
generalement une faible duree de vie et une ^paisseur importante, done 
aussi un encombrement et une masse importants. 

Pour 6viter ces inconvenients, il a dej^ ete propose de r^aliser 

25 des bols en mat6riau composite C/C. Un tel mat6riau a une tenue 
mecanique bien superieure ^ celle du graphite. La realisation de bols de 
grand diam6tre, par exemple atteignant, voire depassant 850 mm, peut 
alors etre envisagee. pour faire face a la demande de lingots de silicium 
monocristallins de plus grande section. En outre, I'epaisseur des bols peut 

30 etre diminuee, par rapport a celle des bols en graphite, ce qui pemnet une 
meilleure transmission du flux themiique vers le creuset et diminue 
I'encombrement. Par ailleurs, les materiaux C/C sont moins exposes que 
le graphite a la fragilisation consecutive k la con-osion par SiO provenant 
du creuset. 

35 La fabrication d'une piece en materiau composite C/C ou plus 

generalement en materiau composite thermostructural, comprend 
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habituellement la realisation d'une preforme fibreuse ayant une forme 
correspondant a celle de la piece a realiser et constituant le renfort fibreux 
du materiau composite, et la densification de la prefomne par la matrice. 

Des techniques couramment utilisees pour realiser des 
5 preformes sont le bobinage filamentaire consistant a enrouler des fils sur 
un mandrin ayant une forme correspondant a celle de la pr6forme a 
realiser, le drapage consistant a superposer des couches ou strates de 
texture fibreuse bidimensionnelle sur une forme adaptee k la forme de la 
prefomne a realiser, les strates superposees etant eventuellement liees 

10 entre elles par aiguilletage ou par couture, et encore le tissage ou 
tricotage tridimensionnel. 

La densification de la prefomie peut etre reaiisee de fagon bien 
connue par voie iiquide ou par voie gazeuse ou par voie mixte combinant 
les deux. La densification par voie Iiquide consiste a impregner la 

15 preforme - ou a pre-impregner les filaments ou strates qui la constituent - 
par un precurseur de la matrice. par exemple une resine precurseur de 
carbone ou de ceramique, et a transformer le precurseur par traitement 
thermique. La densification par voie gazeuse, ou infiltration chimique en 
phase vapeur, consiste a placer la preforme dans une enceinte et a 

20 admetlre dans I'enceinte une phase gazeuse precurseur de la matrice. 
Les conditions notamment de temperature et de pression sont ajustees 
pour permettre a la phase gazeuse de diffuser au sein de la porosite de la 
pr6fonme et, au contact des fibres, de fonner sur celles-ci un depot du 
materiau constitutif de la matrice par decomposition d'un constituant de la 

25 phase gazeuse ou reaction entre plusieurs constituants. 

Dans te cas de pidces ayant une fonne creuse non 
d^veloppable, telle que celle d'un bol, une difficulte particulidre reside 
dans la fabrication d'une prefomrie fibreuse ayant la forme 
correspondante. 

30 La technique du bobinage filamentaire est tres difficile a mettre 

en oeuvre pour obtenir une fomne de bol en une seule piece. La solution 
qui peut etre preconisee est de realiser le pourtour de la prefomne du bol 
par bobinage filamentaire et de realiser separement la partie de prdfomne 
correspondant au fond du bol. 

35 La technique du drapage de strates est aussi difficile a mettre 

en oeuvre pour des formes aussi complexes lorsque Ton veut eviter la 
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fonnation de surepaisseurs dues a des plis des strates. Une solution 
connue consiste a decouper les strates, notamment a former des fentes, 
en fonction de la forme a realiser pour que les strates puissent epouser 
cette forme avec rapprochement des levres des decoupes ou fentes 
5 lorsqu'elles sont drapees et mises en forme. Le predecoupage des strates 
requiert une grande precision. II presente en outre Tinconvenient de 
laisser subsister des discontinuites de fils dans la prefomrie. 

Obiets et resume de rinvention 
10 Selon un de ses aspects, I'lnvention a pour but de proposer un 

proced^ de fabrication d'un boi en materiau composite thermostructural 

qui pemriette d'eviter les inconvenients de Tart anterieur, tout en restant 

simple et economique. 

Conformement k I'invention, ie procede comprend les etapes 
15 qui consistent a : 

- foumir des strates fibreuses bidimensionnelles deformables, 

- superposer les strates en les deformant sur une forme ayant 
une forme correspondante a celle du bol a realiser, les strates epousant 
ladite forme par leur deformation, sans former de plis, 

20 - lier les strates deformees entre elles au moyen de fibres 

s'etendant transversalement par rapport aux strates, de mani^re ^ obtenir 
une prefonne de bol qui est ensuite densifiee. 

L'invention est remarquable en ce que la preforme de boi peut 
etre r^alisee a partir de strates unitaires dans tesquelles des fentes 

25 destinees k permettre d*6pouser la forme voulue n'ont pas ete pratiqu6es. 
Cela contribue k assurer les meilleures tenues mecanique et cohesion du 
bol obtenu par densificatton de la pr6forme, et a offrir un maximum de 
securite en cas de rupture du creuset, dans le cadre de I'application au 
tirage de lingots de silicium. 

30 Les strates sont en une texture fibreuse d^formable. On utilise 

avantageusement une texture fomiee de plusieurs nappes 
unidirectlonnelles superposees dans des directions differentes, par 
exemple deux nappes unidirectlonnelles superposees avec des directions 
faisant entre elles un angle de preference de 45° a 60**, les nappes etant 

35 liees entre elles de maniere a fomier des mailles elementaires 
defonnables. La liaison des nappes entre elles peut etre realisee par 



wo 01/38625 



5 



PCT/FROO/03276 



aiguilletage ou par fil tricote ou par couture. Des strates entieres sont 
decoupees aux dimensions voulues dans la texture deformable. On 
obtient ainsi des strates ayant une capaclte de deformation suffisante 
pour qu'elles s'adaptent a ia forme voulue par simple defomiation, sans 
5 former de plis ou surepaisseurs. 

Avantageusement, les strates defomnees sont liees entre elles 
par aiguilletage. afin de transferer transversalement aux strates des fibres 
prelevees dans les strates par des aiguilles. Chaque nouvelle strate 
drapee peut etre aiguilletee sur la structure sous-jacente, 
10 avantageusement en controlant le taux de fibres transferees, dans toute 
I'epalsseur de la preforme. 

En variante. les nappes deformees peuvent etre liees entre 
eltes par couture ou par implantation de fils. 

Dans un autre mode de mise en oeuvre du procede selon 
15 invention, la texture fibreuse d6formable constKuant les strates est un 
tricot. 

Les fibres constitutives des strates sont de preference en 
carbone ou en precurseur de carbone. Dans ce demier cas, un traitement 
themnique est effectue apres realisation de la pr^fomne pour transformer 
20 le precurseur en carbone. 

Apres realisation de la prefomne, celle-ci peut etre soumise a 
une 6tape de consolidation par voie liquide, et a un traitement thermique 
de stabilisation des fibres et de purification realise apres ou avant 
consolidation. 

25 La denslfication de la prefonme eventuellement consolidee est 

realisee de preference par infiltration chimique en phase gazeuse. 

Selon un mode pr6f6r6 de realisation, on utilise des strates 

fibreuses bidimensionnelles deformables en un seul tenant, exemptes de 

d6coupes ou de fentes, de maniere a obtenir une prefomne de bol 
30 complete, en une seule piece, et la denslfication est realisee sur la 

pr6forme de bol complete. Un bol monobloc en materiau composite 

thermostructural peut ainsi etre directement obtenu. 

Selon un autre mode de realisation, on utilise egalement des 

strates fibreuses bidimensionnelles deformables en un seul tenant, 
35 exemptes de d^coupes ou de fentes, de maniere a obtenir une prefomne 

de bol complete, mais on realise un trou a travers le fond de la prefomne, 
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avant densification par infiltration chimique en phase vapeur. La presence 
de ce trou favorise I'ecoulement de la phase gazeuse, ce qui peut 
augmenter le rendement de la densification, notamment dans le cas de 
bois de grandes dimensions. Apres densification au moins partielle de la 
5 prefonne, le trou est obture par un bouchon. On pourra utiliser un 
bouchon en matdriau composite thermostructural. Apres obturation du 
trou par le bouchon, une etape finale de densification par infiltration 
chimique en phase vapeur poun-a etre realisee. 

Selon encore un autre mode de realisation, on utilise des 

10 strates fibreuses bidimenslonnelles en un seul tenant presentant une 
ouverture sensiblement centrale et on superpose les strates sur la forme 
en aiignant leurs ouvertures de maniere a obtenir une preforme de bol 
presentant un trou traversant le fond de la preforme et forme par les 
ouvertures alignees des strates. Apres densification au moins partielle de 

15 la prefomDe par infiltration chimique en phase vapeur, le trou est obture 
par un bouchon. Comme indique ci-dessus, le bouchon peut etre en 
materiau composite themriostructural et une etape finale d'infiltration 
chimique en phase vapeur peut-etre realisee. 

Dans tous les cas, apres densification de la preforme, on 

20 obtient une ebauche de bol. 

Un traitement themfiique final de purification peut aiors etre 
eventuellement realise. 

En outre, un d6p6t final de carbone pyrolytique et/ou de 
carbure de silicium (SiC) peut etre realise, au moins sur la face inteme du 

25 bol. 

Selon un autre aspect, invention conceme aussi un bol en 
materiau composite themriostructural tel qu'il peut etre obtenu par le 
precede defini ci-avant. 

Selon {'invention, un tel bol est caract^rise en ce qu'il comprend 
30 un renfort fibreux comprenant des strates fibreuses bidimenslonnelles qui 
sont superposees et liees entre elles par des fibres s'etendant 
transversalemept par rapport aux strates. 

Avantageusement, le renfort fibreux est en une. seule piece 
forme de strates bidimenslonnelles en un seul tenant, exemptes de fentes 
35 et de decoupes. 
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Un revetement de carbone pyrolytique peut etre present sur la 
surface du bol, au moins du cote interieur du bol. 

L'invention conceme aussi Tutilisation d'un tel bol comme 
support de creuset, en particulier pour la production de silicium 
5 monocristallin. Une couche de protection, par exemple en materiau 
composite thermostructural, tel qu'un composite C-C peut etre interposee 
entre le bol et le creuset. 



Breve description des dessins 
10 L'invention sera mieux comprise a la description faite ci-apres a 

titre indicatif mais non limitatif, en reference aux dessins annexes sur 
lesquels : 

- la figure 1 est une demi-vue en coupe tres schematique 
montrant un bol en materiau composite utilise comme support de creuset 

15 dans une installation de production de lingots de silicium ; 

- la figure 2 est un diagramme montrant des 6tapes 
successives d'un premier mode de mise en oeuvre d'un precede 
conforme k {'Invention ; 

- les figures 3A, 3B et 3C sont des vues illustrant une strate 
20 bidimensionnelle k mailles d^formables utilisable pour la mise en oeuvre 

du procede de la figure 2 ; 

- la figure 4 est une vue tres schematique d'un dtspositif 
d'aiguilletage en forme utilisable pour la mise en oeuvre du procede de la 
figure 2 ; et 

25 - la figure 5 est une vue schematique partielle montrant un 

complement de drapage de strates au niveau d'une partie de fond du bol. 

- la figure 6 est un diagramme montrant des 6tapes 
successives d'un deuxieme mode de mise en oeuvre d'un procede 
confomie k {'invention ; 

30 - la figure 7 est une vue schematique en coupe montrant 

{'obturation par un bouchon d'un trou fomie au fond d'une prefomne ; 

- la figure 8 est un diagramme montrant des etapes 
successives d'un troisieme mode de mise en oeuvre d'un procede 
confomfie a {'invention ; et 
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- la figure 9 est une vue tres schematique montrant un drapage 
de strates selon encore un autre mode de mise en oeuvre d'un procede 
conforme a Tinvention. 

5 Description detaillee de modes de realisation de Tinvention 

Comma deja Indique, uh example nbn limitatrf d'appiication de 
I'invention est la realisation de bols en materiau composite 
themiostructural pour le support de creusets dans des installations de 
production de lingots de silicium monocristallin. 

10 La figure 1 montre tres schematiquement un tel bol en materiau 

composite, par example en materiau composite C/C, qui supporte un 
creuset 5, generalement en silica. La bol 1 repose sur un support 
annulaire forme par une bague 2 montee a I'extremit^ d'un arbre 3 en 
formant avec celui-ci un decrochament 4. La bol a une partie de fond la 

15 at une partie de pourtour lb ayant une portion sensiblement cylindrique 
qui se raccorde a la partie de fond par une portion ci profil arrondi. La 
partie de fond du bol 1 est usinee pour former une portee de centrage 
correspondant au decrochement 4 et une surface d'appul sur la bague 2. 

Apres remplissage du creuset par du silicium, I'ensemble est 

20 place dans un four et la temperature dans le four est portee a une valeur 
suffisante pour provoquer la liquefaction du silicium. A cette temperature, 
superiaure a 1420°C, le creuset de silica se ramollit et epouse la fomie du 
bol. Un germe pr^sentant rarrangemant cristallin est ensuite amend au 
contact du bain de silicium puis un lingot est axtrait lentement en fomriant 

25 une colonne entra la ganme et le bain. Un lingot paut ainsi etre tire jusqu'a 
una longueur pouvant etre de 1 a 2 m. 

Ce precede de fabrication de lingots de silicium est bien connu 
et ne fait pas partie de {'invention, de sorte qu'une description plus 
detaillee n'est pas necessaire. 

30 Par leur capacite a conserve r des bonnes propridtds 

mecaniques et une bonne stabilite dimensionnelle aux temperatures 
dievees, las matdriaux composites thennostmctuFaux conviennent 
particulierement pour la realisation de bols destines a cette application. 

Dans la description qui suit, on envisage la realisation da tx)ls 

35 en matdriaux composites C/C a renfort fibreux en fibres de carbone et 
matrica en carijone ou au moins essentieltement en cariDone. L'invention 
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englobe aussi la realisation de bols en materiaux composite de type CMC, 
a renfort fibreux en fibres en ceramique (par exemple en fibres SIC) et a 
matrice egalement ceramique (par exemple egalement en SiC), les 
technologies d'elaboration des CMC etant bien connues. 
5 Le renfort fibreux peut etre realise a partir de fits de carbone 

tels que disponibles dans le commerce, mais de preference exempts de 
traitement de surface habituellement prevu pour apporter des fondions de 
surface favorisant la liaison avec une matrice organique, lorsque ces fils 
sont utilises pour former des materiaux composites de type fibres/resine 
10 non destines k des applications a des temperatures elevees. L'absence 
de fonctions de surface permet d'evrter des contraintes internes lors du 
processus de fabrication du materiau composite avec le precede de 
I'invention. 

En variante, avant ou immediatement apres realisation du 
15 renfort fibreux, on pourra faire sublr a des fils de carbone habituels du 

commerce un traitement thermrque visant a eliminer des fonctions de 

surface, ou on pourra munir les fibres constitutives des fils d'un 

revetement d'Interphase en carbone pyrolytique de faible epaisseur. 

typiquement inf^rieure ou egale ^0,1 pm. Le revetement d'Interphase en 
20 cart>one pyrolytique peut etre obtenu par depot chimique en phase 

vapeur, comme decrit dans le brevet US 4 748 079 de la deposante. 

Un premier mode de mise en oeuvre d'un proc^dd de 

fabrication de bol en materiau composite sera maintenant decrit en 

reference a la figure 2. 
25 Une premiere etape 10 du procede consiste a foumir des 

strates bidimensionneiles defomnables en fibres de cari3one. 

Les strates sont en une texture fibreuse d^formable 

avantageusement formee de nappes unidirectionnelles en fils de carbone 

d^pourvus de fonctions de surface, qui sont superposees avec des 
30 directions differentes et iiees entre elles de fa^on k fomrier des mailles 

^I6mentaires defpmiables. 

La liaison des nappes entre elles peut etre realisee par 

aiguilletage leger qui assure la cohesion de la texture, tout en menageant 

une capacrte de deformation suffisante. II est possible aussi de lier les 
35 nappes entre elles par couture au moyen d'un fil passant d'une face a 

I'autre de la texture. 
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De preference, la liaison des nappes est reatisee par tricotage 
d'un fil passant d'une face a I'autre de la texture, comme montre par les 
figures 3A a 3C. De telles textures d6forrT>ables sont connues et decrites 
dans le document WO 98/44182 de la deposante. Elles sont formees de 
5 deux nappes unldirectionnelles superposees avec leurs directions faisant 
entre elles un angle inferieur a 90**, de preference compris dans la plage 
allant de 45° a 60^ 

Les figures 3A et SB montrent les faces endroit et envers de la 
texture 102, tandis que la figure 3C montre de fa9on detaill^e le point de 

10 tricot 108 utilise. Le point 108 fornie des boucles 108a entrelacees, 
allongees dans une direction longitudinale de la texture 102 en formant 
plusieurs rangees paralleles, et des trajets en V ou en zig-zag 108b qui 
relient les boucles entre rangees voisines. La texture 102 est situee entre 
les trajets 108b situes sur la face endroit (figure 3A) et les boucles 108a 

15 situees sur la face envers (figure 3B), donnant au tricot i'apparence d'un 
point zig-zag sur une face et d'un point chainette sur I'autre face. Le point 
de tricot englobe plusieurs fils de chaque nappe unidirectionnelle selon la 
jauge choisie pour le dispositif de tricotage. 

Les points de liaison entre les trajets 108b en zig-zag et les 

20 t>oucles 108a, tels que les points A,B,C.D de la figure 3C, definissent les 
sommets de mailles dl6mentaires d^formables. Dans ce cas, sont 
d^formables k la fois les mailles definies par le point tricot et les mailles 
definies par des points de croisement entre fils des nappes, lesquels 
points de croisement fomrient des parall6logrammes defomnables. 

25 Le fil de tricot utilise 106 peut etre un fil de carbone ou en 

pr6curseur de carbone, ou un fil en materiau fugitif. c'est-^-dire en un 
materiau susceptible d'etre elimine par dissolution ou par la chaleur, sans 
laisser de r^sidu, a un stade ulterieur de la fabrication du bol composite. 
Un exempie de fil fugitif est un fil en PVA (alcool polyvinylique) soluble 

30 dans I'eau. 

Les strates sont decoupees dans la texture d6formable aux 
dimensions ext6rieures voulues selon la fome et les dimensions du bol a 
realiser. Les strates sont entieres, en un seul tenant, c'est-a-dire 
exemptes de decoupes internes ou fentes. 
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A I'etape suivante 20 du procede, les strates sont drapees sur 
un outillage ayant une forme correspondant a celle du bol a realiser. Le 
drapage peut etre realise manuellement. 

Grace a la deformabilite des mailles des strates et au mode de 
5 drapage utilise, on peut donner aux strates superposees la forme desiree 
sans formation de plis, tout en utilisant des strates en un seul tenant sans 
fentes ou decoupes. 

Par rapport a une technique conststant a former des d6coupes 
dans des strates bidimensionnelles insuffisamment deformables, par 
10 exemple des decoupes en fomie de petales, pour leur penmettre 
d'epouser la forme voulue sans plis ou surepaisseurs, Tutilisation des 
strates a mailles defomnables presente les avantages d'une plus grande 
facilite de drapage et de la preservation de t'integrite de la structure des 
strates. Ce demter point est particulierement important pour les proprietes 
15 mecaniques du bol finalement realise. 

Les strates sont superposees en les decalant angulairement 
autour de I'axe de la prefomie passant par le sommet de celle-ci, de 
maniere a ^viter une superposition exacte des motifs, source 
d'h^t^rogen^rte de structure. 
20 Les strates sont empildes jusqu'a atteindre I'^paisseur desiree 

pour la prefonme de bol et sont liees entre elles par aiguilletage 
(etape 30). 

L'aiguilletage peut etre realise apres le drapage des strates ou, 
de preference, au fur et a mesure du drapage. par exemple en aiguitletant 

25 chaque nouvelle strate drap^e. 

On utilise par exemple une installation d'aiguilletage telle que 
decrite dans le brevet US 5 226 217 de la demanderesse. Comme montre 
tres schematiquement par la figure 4, une telle installation comprend une 
table 300 supportant une fomne 302. un robot 304 avec son unit^ de 

30 commande 306 reliee k une console d'op6rateur 308 et une tete 
d'aiguilletage 310 fix^e a I'extremite du bras 312 du robot 304. Le bras 
312 est a son autre extremite, articuld autour d'un axe vertical sur un 
support 314 mobile verticalement. Au voisinage de la tete d'aiguilletage, le 
bras 312 comprend une articulation multiple 31 6. 

35 La tete d'aiguilletage 310 possede ainsi les degres de liberty 

necessatres pour etre amende dans la position voulue et avec t'orientatlon 
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voulue pour aiguilleter des strates drapees sur la forme 302 suivant des 
trajectoires preetablies et une direction d'incidence predeterminee, 
gen^ralement normale aux strates. 

La forme 302 est munie d'un revetement d'embase, par 
5 exemple un feutre dans lequel las aiguilles de la tete 310 peuvent 
penetrer sans dommage. 

La tete d'aiguilletage 310 est munie d'une plaque d'appul 310a 
presentant des perforations pour le passage des aiguilles. La plaque 
d'appui est rappelee elastiquement pour permettre d'exercer sur les 

1 0 strates en cours d'aiguilletage une pression contrdlee. 

Avantageusement, I'aiguilletage est r^alis^ avec oontrdle du 
taux de fibres transferees par les aiguilles transversalement par rapport 
aux strates. Ceci peut etre realise en contrdlant la profondeur de 
penetration des aiguilles de maniere a obtenir une densite d'aiguilletage 

1 5 sensiblement constante dans Tepaisseur de la preforme. 

La preforme 320 constituee par les strates 102 drapees et 
aiguilletees est avantageusement compl^t^e par drapage de strates 
supplementaires (etape 40) ayant des dimensions limitees a celles de la 
partie de fond d'un bol a realiser. 

20 Comme le montre la figure 5, les strates supplementaires 104, 

qui peuvent etre de meme nature que les strates 102, sont drapees sur le 
fond de la prefomne 320 jusqu'^ atteindre une ^paisseur suffisante pour 
obtenir une partie de fond de bol pouvant etre usinee pour former une 
face d'appui et une portee de centrage. 

25 Les strates 104 sont tides entre elles et aux strates 102 par 

aiguilletage. On utilise a cet effet une installation d'aiguilletage telle que 
ddcrite ci-avant. 

La preforme fibreuse obtenue est ensuite soumise a un 
processus de consolidation par voie liquide. 
30 La preforme fibreuse 54 est ^ cet effet placee dans un moule 

56 et impregnde par un precurseur liquide de carbone (etape 50). 
L'imprdgnation est realisee par exemple par une resine phdnolique. 

Apres polymerisation de la resine dans le moule, la preforme 
est retiree du moule et soumise a un traitement thenmique pour carboniser 
35 la resine. 
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L'impregnation peut en variante etre realisee sur la prefoime 
maintenue sur la forme, apres aiguilletage. A cet effet, de la resine est 
Introduite dans la preforme recouverte par une enveloppe souple, par 
exemple en elastomere avec etablissement eventuel d'une depression. 
5 L'enveloppe peut etre retiree, et la preforme degagee, apres 
polymerisation de la resine et avant carbonisation de celle-ci. 

L'etape suivante 60 du procede consiste a realiser un 
traitement thermique pour stabiliser las fibres de cart>one 
dimensionneilement et purifter la prdfonne consolidee. Le traitement 

10 thermique est realise a une temperature comprise de preference entre 
1600°C et 2800*C. II pemnet d'eviter une variation dimensionnelle 
utterieure des fibres lors de la suite de la fabrication du bo! lorsque les 
fibres n'ont pas ete prealablement exposees a une temperature au moins 
egale a celte a laquelle elles sont exposees ensurte, notamment lors de la 

15 densificatlon. II permet aussi de favoriser {'evacuation d'impuretes 
contenues dans les fibres et dans le coke de resine de consolidation. 

La preforme est ensuite densifiee par une matrice de carisone 
pyrolytique par infiltration chimique en phase vapeur (etape 70). A cet 
effet, de fagon bien connue en soi, la preforme peut etre placee dans une 

20 enceinte dans laquelle est introduite une phase gazeuse contenant un 
precurseur de cart>one tel que du methane. Les conditions de pression et 
de temperature sont choisies pour pemnettre une diffusion de la phase 
gazeuse au sein de la porosrte de la prefomie consolidee, et une 
decomposition du methane donnant un depot de pyrocarbone. 

25 L'infiltration chimique en phase vapeur peut etre realisee dans 

des conditions isothermes-isobares. ou avec gradient de temperature, 
processus bien connus en eux-memes. 

L'infiltration peut* aussi etre realisee en immergeant la preforme 
consolidee dans un precurseur liquide et en chauffant la preforme de 

30 maniere a engendrer un film de precurseur gazeux a sa surface. Un tel 
procede est decrit par exemple dans le document FR 2 784 695 de la 
ddposante. 

Selon une autre variante, la densificatlon de la prefonme 
pourrait etre realisee par vote liquide a partir d'un precurseur de fa matrice 
35 sous forme liquide, tel qu'une rdsine. 
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Apres densification, I'ebauche de bol obtenue est usinee (etape 
80) de maniere notamment a former la portee de centrage et la surface 
d'appui au fond du bol. 

Un traitement thenmique final (etape 90) est realise, par 
5 exemple a une temperature de 2200°C a 2700°C, pour purifier le bol en 
composite C/C obtenu. De fa^on connue, le traitement de purification peut 
etre realise en presence d'halogene, 

Un depot final de cart>one pyrolytlque ou pyrocarbone (etape 
100) peut etre realise par depot chimique en phase vapeur. II est forme 
10 sur la surface du bol, au moins du cote interieur. En variante, ce depot 
final pounra etre en carbure de silicium (SiC), egalement obtenu par d§p6t 
chimique en phase vapeur. 

Le depot final de pyrocart>one ou de SiC pourra etre realise 
avant traitement thermique final de purification. 
15 Un autre mode de mise en oeuvre d'un precede selon 

invention sera malntenant decrit en reference aux figures 6 et 7. 

Le precede dont les etapes successives sont montrees sur la 
figure 6 comprend les memes etapes initiates 10 a 60 que celui de la 
figure 2, a savoir foumiture de strates fibreuses bidimensionnelles 
20 d6formables (6tape 10), drapage des strates sur une fome (etape 20), 
liaison des strates drap^es par aiguilletage (etape 30), drapage de strates 
supplementaires (§tape 40). impregnation par resine pour consolidation 
(etape 50) et traitement thenmique de stabilisation et purification (etape 
60). 

25 Le precede de la figure 6 se distingue ensuite de celui de la 

figure 2 en ce qu'avant densification de la preforme, un trou 52 est form6 
par usinage dans le fond de la preforme consolid6e 58 (etape 65). On 
notera que la formation du trou 52 peut etre r6aiisee sur la preforme non 
consolidee, avant impregnation par la resine ou immddiatement apres 

30 polymerisation et avant carbonisation de la resine. 

La presence du tnDu 52 peut s'averer ben^fique lorsque la 
densification de la preforme est realisee par infiltration chimique en phase 
vapeur. En effet, le trou 52 favorise la circulation de la phase gazeuse 
. dans {'enceinte ou la preforme est placee. 

35 La phase 70 de densification de ta prefomne est done realisee 

de preference par infiltration chimique en phase vapeur. 
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La preforme ainsi densifiee est usinee (etape 80) notamment 
au niveau du fond. 

Un bouchon est ensuite realise (etape 82) pour etre mis en 
place dans le trou 52 (etape 86). 
5 Le bouchon peut etre en differents materiaux, par exemple en 

graphite ou, de preference en materiau composite thermostructural tel 
qu'en composite C/C. Le bouchon peut etre realise en une ou plusieurs 
pieces obtenues par densificatlon de prefomie(s) conrespondante(s). La 
ou chaque pr6forme est fomnee par superposition de strates 
10 bidimensionnelles, par exemple en tissu, qui sont tiees entre elles par 
aiguiiletage ou par couture. Une densificatlon par une matrice en carbone 
est ensuite realisee par vole liquide ou par infiltration chimlque en phase 
vapeur Dans I'exemple illustre par la figure 7, le bouchon 84 est en deux 
pieces 84a et 84b. La piece 84a a une forme de coupelle avec un 
15 pourtour en forme de levre qui s'appuie sur un decrochement 52a realise 
dans le trdu 52, du cote interleur de la preforme de bol. La face exteme 
de la piece 84a a une fomne s'Inscrivant dans la continuite de la face 
interieure du bol. La piece 84b a egalement une forme de coupelle avec 
un pourtour en fomne de levre iqui s'appuie sur la face exteme du fond de 
20 la preforme de bol autour du trou 52. La liaison entre les pieces 84a et 
84b peut etre realisee par vissage, la piece 84a presentant une partie 
centrale en saillie qui est vissee dans un logement de la piece 84b. Les 
pieces 84a et 84b enserrant ainsi le ret>ord du trou 52. 

Apres mise en place du bouchon, une nouveile etape 88 
25 d'infiltration chimique en phase vapeur peut etre realisee afin de. parfaire 
I'assemblage du bouchon 84 avec la partie de fond de la preforme de bol 
et completer la densification de cette demiere. La densificatlon a I'etape 
80 pourra ators avoir ete realisee de fagon partielle. 

Des Stapes 90 et 100 de traitement themiique final de 
30 purification et de depdt de pyrocarbone peuvent ensuite §tre effectuees 
comme dans le precede de la figure 2. 

Encore un autre mode de mise en oeuvre d'un precede selon 
rinvention sera brievement ddcrit en reference a la figure 8. 

Ce precede comprend les memes etapes 10 a 100 que celui de 
35 la figure 2 a I'exception des etapes 30 et 40 de liaison de strates drapees 
et de drapage de strates supplementaires. 
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Dans le precede de la figure 8, la liaison des strates 102 entre 
elles (etape 30') est.reallsee par couture au moyen d'un fil 202 qui 
traverse I'ensemble des strates 102 drapees. Un fil similaire 204 est utilise 
a r6tape 40' suivante pour lier les strates supplemental res 104 entre elles 
5 et avec les strates 102, le fil 204 traversant I'ensemble des strates 102 et 
104. 

Les fils 202 et 204 peuvent etre des fils en carbone similaires a 
ceux utilises pour fomier les strates 102 et 104. En variante, .on pourra 
utilises des fils en materiau fugitif, c'est-a-dire en un materiau susceptible 
10 d'etre elimine par dissolution ou par la chaleur a un stade ulterieur 
d'^taboratlon du bol. 

II est possible aussi de realiser une liaison des strates 102 
entre elles par couture, et une liaison des strates 104 entre elles et avec 
les strates 102 par aigullletage, comme k r6tape 40 de la figure 6. 
15 On notera encore que le mode de liaison des strates 102 et 

104 entre elles par couture pourra etre aussi substitue au mode de liaison 
par aiguilletage dans le precede de la figure 6. 

Selon encore un autre mode de mlse en oeuvre d'un procedd 
selon rinvention, on utilise des strates bidimensionnelles deformables 
20 presentant une ouverture sensiblement centrale. 

Comme le montre la figure 9» les strates 202 munies d'une 
ouverture centrale 203 sont drapees sur une forme, telle la meme foniie 
302 que celle illustree par la figure 4. Le drapage des strates 202 est 
effeclue de maniere a aligner les ouvertures 203 dans la partie centrale 
25 du fond de la prefonne en cours de constitution. 

Les strates 202 sont liees entre elles par aiguilletage, comme 
dans le cas du precede des figures 2 et 6, ou par couture, comrrie dans le 
cas du proc^de de la figure 4. 

Des strates suppl^mentaires 204 sont drap6es au niveau du 
30 fond de la prefonne, les strates 204 presentant des ouvertures 
sensiblement centrales 205 alignees. La liaison des strates 204 entre 
elles et avec les strates 202 est realisee par aiguilletage ou par couture. 

Les ouvertures alignees 203, 205 definissent un trou 152 
traversant le fond de la preforme. 
35 Apres drapage et liaison entre elles des strates 202 et 204, la 

fabrication du bol peut se poursuivre par des etapes de consolidation par 
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impregnation de resine, de traitement thermique de stabilisation et 
purification, de densification par infiltration chimique en phase vapeur, 
d'usinage, de realisation et de mise en place d'un bouchon obturant le 
trou 152, de densification finale par infiltration chimique en phase vapeur, 
5 de traitement thermique de purification et de depot de pyrocarbone, 
cornme les etapes 50, 60, 70, 80. 82, 86, 88, 90 et 100 du precede de la 
figure 4. 

Differentes variantes pourront etre apportees au procede decrit 
ci-avant sans sortir du cadre de protection defini par les revendlcations 

10 annexees, Ainsi, la preforme peut etre realisee en fils fonmes de fibres de 
precurseur de carbone, au lieu de fibres de cart>one. Les precurseurs de 
carbone utilisables sont, de fa9on connue, par exemple le polyacrylonitrile 
(PAN) preoxyde, les composes phenoliques, les brais. La transformation 
du precurseur en carbone est realisee par traitement themiique apres 

15 constitution de la prefonme. 

La phase de consolidation de la preforme pounra etre omise. La 
preforme avec les strates superposees et liees les unes aux autres peut 
alors etre placee dans un outillage de forme conBspondant a celle du bol 
a realiser pour etre introduite dans une enceinte de densification par 

20 infiltration chimique en phase vapeur. L'outillage peut etre retire apres une 
premiere phase de densification assurant une cohesion suffisante pour 
que la densification puisse etre poursuivie sans outillage. 

La phase de traitement themiique de la prefonne avant 
densification pourra etre omise, en particulier lorsqu'une stabilisation 

25 dimensionnelle des fibres n'est pas requise. 11 peut en etre ainsi lorsque 
les fibres de carbone de la prefonne ont dej^ ete portees a une 
temperature au moins egale a celle rencontr^e utt^rieurement. La 
purification peut alors etre realisee en une seule operation, apres 
densification. 

30 Altemativement, la phase de purification finale pounra etre 

omise, lorsqu'un degr§ de purete suffisant de la preforme a ete obtenu par 
traitement thermique avant la densification et lorsque la densification est 
realisee avec un precurseur de carbone et dans des conditions 
n'introduisant pas d'impuretes en quantite significative. Lorsqu'un niveau 

35 de purete eleve doit etre respecte pour le metal contenu dans le creuset 
supporte par le bol fabrique, comme c'est le cas du silicium destine k la 
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fabrication de produits semi-conducteurs, le niveau d*impuret6s 
r6siduelles dans le bol doit de preference etre Inferleur a 5 ppm. 

En outre, la densification de la preforme pourra 6tre r^alisee 
avec une matrice au moins en partle r6alis6e en materiau c6ramique, par 
5 exemple en carbure de sllicium obtenu par infiltration chimique en phase 
vapeur en utilisant un pr6curseur gazeux tel que le m6thyltrichlorosiiane. 

Enfin, bien que Ton ait envisage plus haut la fonmation d'un 
revetement de pyrocarbone ou SiC notamment sur la face interne du bol, 
d'autres modes de protection pourront etre adopt§s, a la place ou en 
10 complement d*un revetement de pyrocarbone ou SiC. 

En particulier, on pourra interposer une couche de protection 
entre le bol et le creuset, pour 6viter I'attaque du materiau composite du 
bol, comme ce peut etre le cas avec un creuset en silice et un bol en 
materiau composite C-C. 
15 La couche de protection est par exemple elle-meme en 

mat6riau composite themnostructurai tel qu'un composite C-C et se 
comporte comme une couche "consommable* a remplacer 
periodiquement. Le materiau composite C-C utilis6 peut §tre fonn6 de 
strates bidimensionnelles en fibres de carbone liees par une matrice en 
20 carbone obtenue par voie liquide ou infiltration chimique en phase vapeur. 

Une telle couche de protection 6, 6pousant la forme de la 
surface inteme du bol 1 est montree sur la figure 1. 
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REVENDICATIONS 

1. Procede de fabrication d'un bol monobloc en materiau 
composite thermostmctural forme d'un renfort fibreux densifie par una 

5 matrice. comprenant la realisation d'une preforme constitutive du renfort 
fibreux par drapage de strates fibreuses bidimensionnelles sur une forme 
ayant une forme correspondant a celle du bol a realises et la densification 
de la preforme par un materiau constitutif de la matrice du materiau 
composite. 

10 caracterise par I'utilisation de strates fibreuses 

bidimensionnelles d^fonnables, la superposition desdites strates sur ta 
forme, en les deformant, les strates epousant ladite forme par leur 
deformation, sans former de plis, et la liaison des strates superposees 
entre elles au moyen de fibres s'etendant transversalement par rapport 

15 aux strates, de maniere a obtenir une prefomie de bol qui est ensuite 
densifide. 

2. Procede selon ta nevendication 1 , caracterise en ce que Ton 
utilise des strates en une texture formee de plusieurs nappes 
unidirectionnelles superposees avec des directions differentes et liees 

20 entre elles de maniere a fonmer des mailles elementaires deformables. 

3. Precede selon la revendicatlon 2, caracterise en ce que Ton 
utilise des strates en une texture formee de deux nappes 
unidirectionnelles superposees avec des directions faisant entre elles un 
angle de 45° ^60^ 

25 4. Precede selon Tune quelconque des revendications 2 et 3, 

caracterise en ce que les nappes unidirectionnelles sont liees entre elles 
par tricotage d'un fil passant d'un cote a I'autre de la texture. 

5. Procede selon Tune quelconque des revendications 2 et 3, 
caracterise en ce que les nappes unidirectionnelles sont liees entre elles 

30 par aiguilletage. 

6. Procede selon Tune quelconque des. revendications 2 et 3. 
caracterise en ce que les nappes unidirectionnelles sont liees entre elles 
par couture avec un fil passant d'un cote a I'autre de la texture. 

7. Precede selon Tune quelconque des revendications 2^6, 
35 caracterise en ce que les strates sont superposees en etant mutuellement 

decaiees angulairement autour d'un axe passant par le sommet du bol. 
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8. Procecl6 selon la revendication 1 , caracterise en ce que Ton • 
utilise des strates fibreuses deformables formees par un tricot. 

9. Precede selon I'une quelconque des revendications 1 a 8, 
caracterise en ce que Ton utilise des strates fomriees de fils en fibres de 

5 carbone exemptes de fonctions de surface. 

10. Precede selon I'une quelconque des revendications 1 k 8, 
caracterise en ce que Ton utilise des strates fonnees de fils en fibres de 
carbone munies d'un revetement d'interphase en carix)ne pyrolytique. 

11. Precede selon I'une quelconque des revendications 1 a 10, 
10 caracterise en ce que les strates superposees sont \\6es entre elles par 

aiguilletage afin de transferer transversalement aux strates des fibres 
prefevees dans celles-ci. 

12. Precede selon la revendication 11, caracterise en ce que 
chaque nouveile strate drapee est aiguiltetee sur la structure sous-jacente. 

15 13. Precede selon Tune quelconque des revendications 11 et 

12, caracterise en ce que I'on controle le taux de fibres transferees 
transversalement par rapport aux strates dans toute Tepaisseur de la 
preforme. 

14. Precede selon I'une quelconque des revendications 1 a 10, 
20 caracterise en ce que les strates superposees sont liees entre elles par 

couture. 

15. Precede selon I'une quelconque des revendications 1^10, 
caracterise en ce que les strates superposees sont Ii6es entre elles par 
implantation de fils transversalement par rapport aux strates. 

25 16. Precede selon Tune quelconque des revendications 1 15, 

caracterise en ce que Ton realise une consolidation de la preforme avant 
densification. 

17. Precede selon la revendication 16, caracterise en ce que la 
consolidation de ta prefomrie est realisee par impregnation par une resine; 

30 polymerisation de la resine et cari^onisation de la resine polymerisee. 

18. Precede selon Tune quelconque des revendications 1 a 17, 
caracterise en ce que, avant densification, on soumet la prefenne k un 
traitement tfiemnique de stabilisation dimensionnelle et purification k une 
temperature comprise entre 1600°C et 2800°C. 
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19. Precede selon Tune quelconque des revendications 1 a 18, 
caracterise en ce que la preforme est densifiee par infiltration chimique en 
phase vapeur. 

20. Precede selon I'une quelconque des revendications 1 a 19, 
5 caracterise en ce que Ton utilise des strates fibreuses bidimensionnelles 

defonmables en un seul tenant, exemptes de decoupes ou de fentes, de 
maniere a obtenir une prefomie de bol complete, en une seule piece, et la 
• densification est r^alisee sur la preforme de bol complete. 

21. Procede selon I'une quelconque des revendications 1 a 19, 
10 caracterise en ce que Ton utilise des strates fibreuses bidimensionnelles 

defomiables en un seul tenant, exemptes de decoupes ou de fentes, de 
maniere a obtenir une preforme de bol complete, en une seule piece, on 
realise un trou a travers le fond de la preforme, avant densification de la . 
preforme par infiltration chimique en phase vapeur et on obture ensuite le 
15 trou par un bouchon. 

22. Procede selon I'une quelconque des revendications 1 a 19, 
caracterise en ce que Ton utilise des strates fibreuses bidimensionnelles 
deformables en un seul tenant presentant une ouverture sensiblement 
centrale, on superpose les strates sur la fonme en alignant leurs 

20 ouvertures de maniere a obtenir une preforme de boi presentant un trou 
traversant le fond de la pr§forme et forme par les ouvertures alignees des 
strates, on densifle la prefomne par infiltration chimique en phase vapeur, 
et on obture ensuite le trou par un bouchon. 

23. Proced6 selon I'une quelconque des revendications 21 et 
25 22, caracterise en ce que i'on utilise un bouchon en materiau composite 

thermostructural. 

24. Procede selon I'une quelconque des revendications 21 k 
23, caracterise en ce que Ton realise une etape d'infiltration chimique en 
phase vapeur supplementaire apres mise en place du bouchon dans le 

30 trou menagd au fond de ta preforme. 

25. Precede selon I'une quelconque des revendications 1 a 24, 
caracterise en ce qu 'apres densification, on realise un traltement 
thermique de purification a une temperature comprise entre IGOO'^C et 
2700°C. 
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26. Precede selon Tune quelconque des revendications 1 a 25, 
caracterise en ce qu'apres densification, on forme sur le bo I un 
revetement de carbone pyrolytique. 

27. Procede selon Tune quelconque des revendications 1 a 25, 
5 caracterise en ce qu'apres densification, on forme sur le bol un 

revetement en carbure de silicium. 

28. Procede selon Tune quelconque des revendications 21 a 
27, caracterise en ce que Ton gamrt la face interieure du bol d'un 
revetement de protection. 

10 29. Procede selon la revendication 28, caracterise en ce que 

Ton utilise un revetement de protection en materiau composite thermo- 
structural. 

30. Bol en materiau composite thermostructural forme d'un 
renfort fibreux densifie par une matrice, dans lequei le renfort fibreux 

15 comprend des strates fibreuses bidimensionneiles superposees, 
caracterise en ce que les strates fibreuses sont liees entre elles par des 
fibres s'etendant transversalement par rapport aux strates. 

31. Bol selon la revendication 30, caracterise en ce qu'il est 
monobloc et comprend des strates bidimensionneiles de renfort en un 

20 seul tenant, exemptes de decoupes ou de fentes. 

32. Bol selon I'une quelconque des revendications 30 et 31, 
caracterise en ce que les strates fibreuses sont fonmees de nappes 
unidirectionnelles superposees avec des directions differentes. 

33. Bol selon la revendication 32, caracterise en ce que les 
25 strates fibreuses sont en fibres de cari^one. 

34. Bol selon la revendication 33, caracterise en ce que la 
matrice est au moins en partie en cart>one pyrolytique. 

35. Bol selon Tune quelconque des revendications 33 et 34, 
caracterise en ce que la matrice est au moins en partie en c6ramique. 

30 36. Bol selon la revendication 35, caracterise en ce que la 

matrice est au moins en partie en carbure de silicium. 

37. Bol selon I'une quelconque des revendications 30 a 36, 
caracterise en ce qu'au moins sa face interne est revetue d'une couch e de 
carbone pyrolytique. 
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38. Bol selon Tune quelconque des revendications 30 a 36, 
caracterise en ce qu'au moins sa face interne est revetue d'une couche de 
carbure de silicium. 

39. Utilisation d'un bot selon I'une quelconque des 
5 revendications 30 a 38 pour le support d'un creuset dans une installation 

de production de lingots de silicium monocristallin, caractdrisee en ce que 
Ton interpose une couche de protection entre le bo) et le creuset. 

40. Bol selon la revendication 39, caracterise en ce que Ton 
utilise une couche de protection en mat^riau composite thermostructural. 
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^Lti^mm^^vx^i^h. ncT^-^yx^uivii^nm 
^ixfzmmmmcmi^iA\.zx->x^^L.'7V')-y 30 

mj^-t^t. ^-y^^. UKfi^t 
^yjiyhv^fyf^ yyipUtLitZ'ijth, z.<n 
t^. \Hmm2com^mco{mizm^n^fhtitm 

mti^hh<nx\ \::y^m.txxv±}!b^rTo^ifh 

C 0 0 3 0 1 02 1 J: OS 1 <r>~7yY\^}V^m^^xm^ 

^^%h^x<r^iLn^mmh.^yY\y)i^ii<omm 40 

Eam^-? b 9xmmmf^im^fx:f:i 2D 9a 
X 2 1 <ry-m^m 0 1 6 tw^n-r S J: 0 

Oott-& (®XS) . ::£02D:?'D>(.2 1&ia[^^i:-r 

^^ht^io, \^mm^yy yv\.zt£h. o^'tc, 7^ 
mmmm:^^z^w^^^yY\^)vi i<n^^ 

ym2 2^:'no (0X^) , CC0;K-7-^^2 2U, 

^'mieizm-m^mmm^o* t^xhXo^zm 
^nif^tihi>cr,xh-^x.m^i7comcmzmt 50 
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^. C:£0.-K-^^§2 2tCj;^T. S^JS^O 2 D ^J' 
?tt-5T^^^#tt-&M'7U;l^§2 3$:fif9 (S>Xg) , 

z<7)j^yu>i-m 2 3ti. 1 e^zm-hmm-f 

[ 0 0 3 1 ] o#'lc, Bti^^l 3cOo-h\Hm^l 2izm 
Jt 1 or 'J r l^^Xti 2 D ^' h 2 5 co^^ 

1f[^ti-t^tmtLi\ ortc. I^ai^l 3t3^tt 
^>^tRfijSIS12tc:M^V'^l^^2 6^tfd (®X 
m) , ^i01^'<^H^^2 6*i. «^Ml6t3jlfrr5^^ 
fttt^J^*-'0- -10- ^j:&Xdiz^^nn^tihh<7) 

|:2 6AflIAl 7tcm4't^<'^J:at3. lMl7*-*^i7) 
^^^;c;tig^*-(t^ffvv MtHS513cO:^^^ft$ 

^. JJ^LitM-^^yp^^ (®XS) i:i^-h5IOott 
(®xm) tUKjum^ {(S>XU) (mi^^h^izX 

;^^t2=5:^i-C. (3^®X^(cJ:Sfi;^^i^i^:g^^^ 

[ 0 0 3 2 ] 03tca: 0 . tLhi7)^ig ( S 1 ) to 
-:^<Xgi&mH^^^ ^m^^nni^i^tl^y)'l^ 

imr-^m.nw-^'^-'^^x^x'ism.. -d^m 
ffd (S3) . 3gt3. e-yf-^rS <S4) i:X<j:^jl: 

(S5) ^i^^^aJsOiRU. '^?§tCJ:I.S^^{i:^tf 
0 . mS£^0^^3&<^^^>i^5 1 , MM5:^T^ ( S 6 ) , 
y^'y;K^o^^^i^/;^7d^J^^;oH^^oi^w^Sfi£^I^x^ 

i^^5?^C^£^l:T. CV I (Chemical Vapor Inpregnation) 
tCj: O.^M^(Pyrolytic Carbon) ^-<JCfiU^imffi 

-tJ:(S8) . iaMSja=&^^^ (S9) . 

mm%2hif^^}v^(r>&3<r>--mm:hh. 

3ti. Pg!J2tz|^-t^'h$^M^ (R 1 ) <mU 

m^{'^2)<m^u'h'5>Lt-hti:'>x\^h. tfzm 
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3 104't3«<^v'U3>'Sat3 2*^o/c1tlE-C^^ai 

[0034] S6ti. 2MIX0tO'7yh'WH 1 1 
-r. V^KWH 1 Iti. ^RliJgPl 1 2Ri:. :&Rf^ 20 
^1 1 2Kay-^X'm^'th^m^m 13Rt. 
1 1 2 L t . imnm 1 1 2 LcO-SgT'Etflt- 

m^u 1 1 3 Li: . ^m^m 1 1 3 R604»^i:^A-'^^^$ 

n/c^M 1 1 4 Rt . tl^liiSP 1 1 3 Li^Dt^C^*-^^ 
^^n/c^EttSUl 14Li:A-^,/i:S^mi^-C^>S. ^ 
P3^^ 1 1 2 R, H 2 Ltiyl^^^KIB^coi^St^ffl^^ 
t^\^^^L. }VV^MU<7^-^X^'^^<ti:-yX\.^ 

t^^mm^i 1 3R. 11 3u±)i'-j^:^<7)\f^m 
m^m^{zmm}^tf::nmm^Lx\^:^. z<k>'7 
y h' i/^n 1 1 ^ , mm^tit:mm^^^j:&im^ i 30 

14R, 1 14Lt;:J:r>r^ML. -rbU'yi^XmfggWc 

Its. 

(00 3 51 07ti. 2M0cO'7yKl/yH 1 1 TiS 

mw^nhxm^^'r, Tyh'wn 1 ifio^ffltz. 

m^co-? h^Jy^ XmmW^i^^txfz 2 D nx 1 2 
lfi^^i&^0B:(»^4iC^l 1 6t3!c^^^cfc^tc5g0 
ott^ (a>X^) . ortc. ^MttiSBl 1 3R. 11 

3Uzmfhtv^F]mmii2R, muzmtu 4o 

1 2 2$rfir^ . ::coP'<^l^^ 1 2 

2ti, «^i 1 e^zmrtmnifnm^o' - i o 
i)>i^fu-ymmz'^6mmm\:M^:mm'h, :icot 

:t^^aiail 1 3R, 1 1 3LtCi5(tSl/'<^M^^ 
1 22*^te&Ml 14R, 1 14Li7)IsiOT'SJ[^>t^'& 
J:^'5r^^*>tt^^fv\ ^I^Jfi^l 1 3R, Lco^t*: 
(3^«|^-1i&J:dtC-rs. ol^'H. ^R®^1 1 
2R, 1 1 2L£0|g-if[tUC?tJ-:)r^^#(t^^N*^U'7l^ 
^123^tT3 (OXg) . ClcOvx-^U/l^t 123 50 
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ii. ^vii^ 1 1 6f,zm'mtnm^9 o • t 

[0036] oS'tC. :Jf&||^aiS5 1 1 3 R, 1 1 3 LiO 

0 ^£:&Rra 1 1 2 R. 112 uzmtr^miz. 
m^-^^ h'jy:^ xwmm^m^tifz i d r 'j ri^ 
^xii2D^ax<^z^-hi 2 5c^§k^mmzmo^ 

^. iz-M 2 5<;o^SiE^«^olfeJ^^^^^iI^;g:^^^^Ii:■r^ 

(®Xg) #i^-K-5IOott (®XS) term. 
^^hitizX^. ^yh'i/yn 1 i^o^1'^t;:iii&%-^;^ 
(omi^^h-^mfpB^^ti^. -7yKl/;n 1 icoi^h^ 
i7)^f4c3m^^tc=5:^^-C, (2)-@XS{CJ;^ffl;^ 

[003 7] c<7)Xoiztxni^tvtzJi^y^^<ommif^ 

HStc^^ns. /U'y*-Kioi*^i/'jyr4i^£OMgPio 
2 1 j}-:»>;i/*^<7)j^ 1 0 3co-i^mm^hhmm4 1 
mmrc3b^. j^i 0 3i7)rti.i:«i^ k 1 1 

i7):fcM^114R. ll4L^mttiisb(D^10 7tf^ 

zt(,zx->xmi}^fi^. ^cr>\^. Kio7^mm-m 

z<Dmti§^^m^cr>^commi,z^ti^tm:^ 
>\ m^i^'^Mxixm io^mmxi>x\^\ t 

^(rfmrnt^rnHz^^-rhT^-^^t ur t>i:i>t. 

^fj^-oX. Wil^^im I OS^i. 7L1 OT^ifS-r^ 

xo^j:u^^x'mm^tix\.^h. mis\mimio9 
tiS4 1 mm^zfm i o 2mmiz^o x o icmt^ti 
x\^^, m^io3mzKio7cr>m*)<o}ii^ii. S4 
mMUzimLXi^^<^hh<r>(r>. -^ynwn i 

1 i 0 , ~M0'9^^Wl^V'<yr>f 

yri3^mz^j:h, 

[0 0 38] i/vT. ILiEL60;P7:i^^rf@[niB^t::$gfW 
&^46t::(i. ^l@t;:^L^2fSiO-7yK^yH 15:^ 
9^ ( a ) ^ilK|g90 ( b ) iZ^-tXoC. mh^m2 

o^itLxiommiz^sj^htx\^\ m9m{a)R 
Ifm9m ( b ) i^zii\^x. m^m2 o*i^trM:firtc^ 
saiL^iHi<i£?ffii4a. lAb^m-^, zmmmi 

4a. 14 bm:oT2f@tO'7y KWH m^$il 

rv^^. < a) ttjv^tu, -^hv-y^xtmi^ 
ip^^titimm^i:m'rhrziM2m<7)TV^-<u 

r-^^1 5A\ l»^E2 0^:n'LT^SmicE^^it 
Ti^^. -^LT. •eiimc^r'J^'N'yr-fSPl S^-eit 

^iico-^yKWH imm^zT^^x^m^^^t. ;K 
v>f yr -f y^*«a^Eictf m90 ( b ) ci5v^r 
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1 5 

[0039] 

{.mkmi^mi^-^yYVjv^miL. -^^^kwi^ 

ffit;M/;<rT-300 6K ^^<^ux{m^ 10 

y ^y^yhv^yy'^y^\i^ vvi}T-300 i 
2K (mu im m) y^y^yhe:^izy:^/^)vm 

ni'rnt^ss' -90- (o^^yuji^^^'^izsm':^ 

n^iiti, o^'t. :t-:^y*i;iT 1 0 o" cx-m^ 
^^rr-^tKTy-h. M^^^'yi^^m^XM^^\^^L^j: 

i^^. :^~yycoi§^^2 0 0' ctx±ifx^m 
mmt^-^fz, mmim. '?y\^uM>i^M^9VL^ 

At^*^*f^lO' C/hrtO^iS'ClOOO' CiT'# 

[004 0] iJt. hr'y^?ti:^^4I5]t*0jgLT 30 
iSt^b^firoJt. LTMSM^O^Rfe 
jl:ffi?^:a^aX#ttn:^^. M^^'fr2000' CC7) 

0 0 0- CiT«L:ti7)-^, m5^;<fX^{|tJ&L, ^1^ 
1 0 t o r r T2 0B?flS:^-r Uc, SEC. ^ft^ft? 

^'>';^'J^5:ftJ&L. i^f^lE:^) 2 5 t o r rTl 0 OBM 

rv?LW2 0%A*ii>i4. 5%trr*^'o/c, 
%k.\mw,zm^\^fz. mM^B^i^±tf^mcf!£^^i& 

tz. tti. c/cn^im/vy^^<7)miz'o\,^xi:>. m 
^mmm^zxos i02 t<o^i}-m^tixii^ . 3 
om<on^^m:'&^coohm^izm^i-6miz^'M 

(Oimf/^n.i^ixrzfS'rX'Sy h . 50 
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[004 1] C^fi»l2D07coJ:9^vyKU^P^^ 

fflt. )ivt:^{ziiip^^^t;itim{±mmmit 
mmvhh. nKx^^Thht^^o^^yi'oy^mz 

©h-Stv^d^i:. SiOz b<^^J^m\t\^djmi 

<^ymm^xmm.(7)mmiz^m<mm^^ ^nfz . 
[0042] immi^m7\zffcr^y\'V)i^^m 

^')^}V^^tf^yU}V^^<r)?f^oM^-^X*)Wi\^ 

tixLtK^mm2mzmwmmtTmni'r^zt 
ij^^m^jrt^-yti. m^tLxmmm^^miwt^^j:/}^ 

\K mmmi, 2tmmizn'>ti. ttz. cvismi> 
mmiz^K nmo:mmm^n^Mz. t*^L. mm 
<Dmiizi5\^x\±. mw:k:^\^^fziimmmtLti^ 
}uy^^t^&^^m^^T\.^ti^^wtihtmx'^u m 

fz. mm 1 . 2 1 isi 1 3 0 m<^m^]s\m^immco^ 

^LX\^it. 

m2\^^mM<7i—yay}vvir^<D^mmht,x' 

[^3] c/cm'^^m)vv^^<owmm^n^^h^v<n 

[04] c/cm^im)vv7f^<Dm^mi^mmmxh 

[05] c/d^-^MWi^'ymm-hfzmthm-^^- 
-mmixht. 

mei zyyffy}Vy^^(omBi/ii^'knhfziM'7y\^\y)V 
[07] ~-:>^)vy^^cr>m^m'mtxo>m^2M^ 

\m9 \ z.-y<7»vy^^<r>m&^^nhf:iM'7yY\y)V 

1 2 Rmas 

13 i^aia 

16 ^'im 

17 TM 

2 1 ^ux 

2 2 .-K-^^^ 

2 3 M'^uyu-^^^ 

2 5 i^-V 
2 6 
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